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" Coolgardie Water-Supply." 

By CHARLES STuART RussELL PALMEl~, M. Inst. C.E. 

BEFORE proceeding to describe in this Paper the design and con­
struction of the works undertaken for the water-supply of the 
Coolgardie district of We tern Australia, it is necessary to touch 
briefly upon the history and topography of the district. 

Since the discovery of the great inland goldfield of Coolgardie 
in 1892, the career of the State of Western Australia, which pre­
viously had made but slow progress, has been uniformly successful; 
for the resulting mining population created a profitable ·market 
for the agricultural and pastoral produce of the well-watered 
coastal country, which was therefore rapidly settled on as railway 
facilities were afforded. The town of Coolgardie is situated about 
350 miles from the west coast and about 250 miles from the south 
coast (Fig. 1); and, although along the sea-shore and for a con­
siderable di tance inland this part of Australia · is well watered, 
the portion-say, 300 miles by 250 miles-of the ~levated table­
land in the interior of which Coolgardie may be regarded as the 
centre is among the driest of the countries of the globe, the rain­
fall having been as little as 3:t inches in a year. Moreover, the 
surface soil generally is very porous and so excessively saline 
that, except in rock-holes after rain, really fre h natural water 
is practically unlmown, although repeated boring ha proved the 
existence here and there underground of small quantities of fairly 
potable water. 

Coolgardie was discovered by pioneers who had pushed out, 
through this inhospitable country, for more than 200 miles from 
the terminus of the railway: they spread them elves over the 
length and breadth of the tableland already mentioned, discovering 
additional, though mostly smaller, goldfields. Their settlements, 
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however, were widely scattered, and the Government was soon 
faced with the serious problem of providing water for man and 
beast, not only at the mining-centres but also along the various 
tracks thereto. About £400,000 has been spent on smaller water­
works of every description, the exceeding drynes~:~ of the climate 
being soon made manifest by the poor result of each small but 
co tly work carried out. It was thus proved that for any large 
supply of fresh water a source should be searched for elsewhere than 
on the surface or in the subsoil of any portion of this tableland. 
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The seriousness of the problem can be gauged by the usual prices 
paid for water in later days. Even after completion of these smaller 
w01·ks, the prices were :-25s. per 1,000 gallons when the occn.sional 
rains filled the tanks which formed one cbss of the works, and 
£4 per 1,000 gallons when only water condensed from the ex­
tremely salt fluid obtained in wells and shafts was available. 

Yielding to the pressure of popular opinion, the Government spent 
several thousand pounds without result, in a bore-hole more than 
3,000 feet deep in solid gra.nite; various schemes for condensing 
.on a very large scale, at the sa1t lakes situated in the goldfields, 
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were abandoned on proof of the excessive salinity of the water of 
the lakes, the difficulty and cost of obtaining a sufficient supply 
of even this water, and the high price of fuel; and then two pro­
posals for conservation, with sources comparatively near to the gold­
fields, were considered but abandoned, as the low rainfall rendered 
it more than questionable whether the yield would be sufficient. 
By a process of elimination, therefore, there was reached the 
accepted solution of the problem, namely, a source in the Darling 
Ranges bordering the well-watered west coast (Fig. 2, Plate 1). 
This scheme had the additional advantage that all intermediate 
townships, as well as the adjacent Government railway, could be 
supplied from the main conduit, the railway being especially 
benefited in its course through about 250 miles of arid country 
wherein railway water-supply was known to have cost as much 
as £60,000 in a single year. 

Scope and Character of Adopted Scheme.-By the middle of 1895 
the Government of Western Australia had decided that some 
large comprehensive scheme would be necessary ; and, orders for 
report and recommendation having been issued, there were 
prepared, under the instructions of the late Mr. C. Y. O'Connor, 
C.M.G., M. In t. C.E., the Author's late chief and predecessor 
in the position of Engineer-in-Chief of th& State, thirty-one 
alternative proposals, from which, after study, three were chosen 
to be placed before the Government. The source of supply in 
each case was to be an impounding-reservoir in the Darling 
Ranges, whence the water was to be pumped in successive lifts 
to Mount Burgess, north of Coolgardie : thence it was to be 
reticulated to the various mining-centres, of which Coolgardie was 
one. In Mr. O'Connor's Report, the three schemes were stated,! 
for comparative purposes, to be as follows:-

"The result of these calculations went to show (as for steel pipes) that, for 
one million gallons daily, the cost would be from, say, £700,000 to £ 1,000,000 
(depending upon the size of the pipe), and with cost of delivery varying from 
5s. 6d. to Ss. 6d . per 1, 000 gallons ; while, for five million gallons daily, the cost 
varied from, say, £2,200,000 to £2,700,000 (depending similarly upon the size of 
the pipe), with cost of delivery varying from 3s. 5d. to 6s. 7d. per 1,000 gallons; 
and that, for ten million gallons daily, the cost varied from, say, £3,500,000 
to £4,600,000 (depending similarly on the size of the pipe), with cost of delivery 
varying from 3s. to 5s. per 1,000 gallons." 

The scheme adopted was for a daily supply of 5 million gallons, at 
a probable capital cost of £2,500,000, and a selling-price of 3s. 6d. 

1 "Report on Proposed ''Vater-Supply (by Pumping) from Reservoirs in the 
Green mount Ranges," p. 8. Pe1·th, 1 96. 
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per 1,000 gallons, after allowing for interest and depreciation. 
The consumption of the water provided by this scheme, which is still 
in its infancy, has not yet amounted to more than one-fourth of the 
quantity allowed for; and the Author reported to the Government, 
soon after becoming responsible, that until much greater develop­
ment of mining occurs, the consumption is not likely to exceed 
one-half of that allowed for . It is therefore due to those origi­
nally responsible to point out that when the proposals were 
inaugurated, and, in fact, up to the time when the works were 
opened, no information and no authoritative opinion outside the 
Public Works Department could be obtained as to the probable con­
sumption; while, on the other hand, there were the greatest 
expectations in the public mind of more extensive working of 
low-grade mines, when comparatively cheap water should be 
available. These expectations were not confined to t~e general 
public; for, some doubts having been expressed in Parliament as 
to the probability of so much as 5,000,000 gallons being used daily 
on the goldfields, a well-known firm offered to take that quantity 
daily for 20 years at 3s. 6d. per 1,000 gallons, provided that 
the Government would not compete with tl1em in price. In 
September, 1896, Parliament sanctioned the raising of a loan of 
£2,500,000 for the construction of a storage-reservoir of about 
5,000 million gallons capacity, a 30-inch line of steel main 
throughout, and a series of eight pumping-stations, with the 
necessary receiving-tanks and distributing-reservoirs. 

In January, 1897, a Commission of English engineers-con­
sisting of Mr. John Carruthers (the Consulting Engineer for 
the State in London), Dr. George F. Deacon and Profes or W. C. 
Unwin-was appointed to inquire into and make recommendations 
as to the kind, thickness and size of pipe to be employed; whether 
it should be placed above or below ground; and the number, 
positions and power of the pumping-stations and engines, and the 
pumping and break-pre sure reservoirs. Mr. O'Connor, who was 
then Engineer-in-Chief to the State, personally placed all available 
information before the Commission, which issued two reports. In 
the first or interim report nine pumping-stc'l.tions were recom­
mended, as indicated in Figs. 3, Plate 1. In the final report 
the Commi sion submitted an alternative arrangement, with eight 
pumping-stations in lieu of nine ; and in the adopted scheme the 
locations of the pumping-stations differ but slightly from those of 
the first eight stations proposed by the Commission in their interim 
report : but it was pos ible to omit the ninth pumping-station, as 
it was decided to deliver the water into a large service-reservoir at 
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R. L. 1630, near Bulla Bulling (Figs. 4, Plate 1), instead of on a 
high hill near Coolgardie, and to increa e the lift at each of the 
last four stations by such small amount as would enable this to 
be accomplished. 

A further advantage obtained from the appointment of the 
Commission was that ful l knowledge of the proposed scheme was 
obtained by the Consulting Engineer, thus enabling him to give 
his advice when sought from time to time, to make recommenda­
tions as to pumping and other machinery; and to undertake inspec­
tion of the material and plant exported to the State. 

The detailed description of the works will be divided under the 
following heads :-

I. The storage-reservoir and its catchment-area. 
II. The construction of the weir. 

III. The pipe-line. 
IV. The pumping-machinery. 

V . The pumping- and service-reservoirs, reticulation, etc. 
VI. Cost of the works. 

The following general outline is given here to facilitate a clearer 
understanding of the details. 

Geneml Outlines of Scheme.-A daily supply of 5,600,000 gallons 
was provided for, of which 5,000,000 gallons was for use in the 
goldfields, and the balance for waste and consumption en 1·oute. 
The supply is obtained from an artificial reservoir, having a 
capacity of 4,600 million gallons. From this reservoir the wat er 
is pumped through a steel conduit, 30 inches in diameter, by a 
series of eight pumping installations, to the main distributing­
reservoir at Bulla Bulling, 308 miles from the main storage­
reservoir and 1,290 feet above the lowest outlet-level of the latt er. 
From the Bulla Bulling distribut ing-reservoir the water gravitates 
for 21 miles to the Coolgardie service-reservoir, and thence to 
the Kalgoorlie service-reservoir, a further 23k miles, the total 
length of the conduit from the supply reservoir being 351:!!- miles 
(Figs. 4, Plate 1 ). 

The first pumping-station is located on the right bank of the 
Helena River and 650 feet down-stream of the storage-reservoir. 
The pumps! draw their water from a stand-pipe 4 feet in diameter, 
which is placed immediately in front of them and is fed by a 
30-inch steel main, which, beginning at the outer valve-house, 
passes under the boiler-house before entering the stand-pipe. The 
pumps here lift the water a net height of 415 feet, through 1~ 
mile of pipe, and deliver it into a concrete receiving-t ank having 
a capacity of 468,000 gallons and a depth of 15 feet of water. 
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The pumps at Station No. 2 draw their water from this receiving­
tank, the maximum suction-lift being 11~ feet, and deliver it 
into a concrete r egulating-tank at Baker's Hill, 22f- miles from 
Station No. 2, the net lift being 340 feet. From the Baker's Hill 
regulating-tank, which is 15 feet deep and has a capacity of 
500,000 gallons, the water gravitates to the West Northam regu­
la ting-tank, 12 miles distant. This tank is similar in construction 
to that at Baker's Hill, having the same capacity and depth. 
The net fall is 94 feet from Baker's Hill to West N ortham, 
whence the water gravitates to the Cunderdin reservoir, a further 
41 miles, thus making a total length of 75! miles between 
Stations 2 and 3. The Cunderdin reservoir has an available 
capacity of 10 million gallons. No. 3 pumping-station is located 
about ! mile from this reservoir, and the pumps draw their 
water from a stand-pipe, similarly to those at No. l. The section 
between Stations Nos. 3 and 4 is 62! miles in length, the net 
lift a t No. 3 being 215 feet. The water is delivered into a 
circular concrete tR.nk at No. 4, having a capacity of 1 million 
gallons and a depth of 15 feet. From Station No. 4 the wat er is 
lifted a net height of 333 feet, and delivered through a section 
32~ miles long into a rectangular concrete receiving-tank 20 feet 
deep, with a capacity of 1 million gallons. At Stations Nos. 5, 6, 
7 and 8, the arrangements are similar to those at Station No. 4, 
and the receiving-tanks a t Nos. 6, 7 and 8 are similar in design to 
that of No. 5, having also the same capacity and depth. The n et 
lifts at Stations Nos. 5, 6, 7 and 8 are r espectively 52 feet, 
106 feet, 56 feet and 183 feet, and the corresponding lengths of 
section 46 miles, 31t miles, 45 miles and 12;! miles. From 
Station No. 8 the water is delivered into a main service-reservoir 
at Bulla Bulling, of 12 million gallons capacity. Thence the 
water gravitates to Coolgfl.I'die, and from Coolgardie to Kalgoorlie. 
These towns are provided with circular concrete service-reservoirs, 
that at Coolgardie having a capacity of 1 million gallons and that 
a t Kalgoodie of 2 million gallons. 

Eady in 1898 the fu·st work on the scheme, namely, construction 
of the branch line of railway to the weir, was put in hand, and 
was compl ted in the following Augm;t. In April of the sa.me 
year, excav:1tion for the foundations of the weir was started; 
concreting was begun in F ebruary, 1900, the first pumping took 
place in April, 1902, and the weir and subsidiary works wer e 
practically finished in April, 1903. Contracts for the pipes were 
let in October, 1898, and for the pumps in March, 1900. The 
exca.va.tion of the pipe-trench wa. begun in March, 1900. The 
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laying and jointing of the pipes was Legun in March, 1901; about 
90 miles were completed that year and the remaining 260 miles 
(including the extension to Kalgoorlie) in 1902. The water 
reached Kalgoorlie in the middle of January, 1903, and the works 
were formally opened on the 26th of that month. The whole 
period of construction had thus been less than 5 years, although 
it was necessary to import all material for construction of the 
pipes, cement, valves and specials, lead for jointing, pumping­
machinery, the ironwork in the weir, and much other material. 

I.-THE STORAGE-RESERVOIR. 

When the scheme was first propounded, and,!in fact, until shortly 
before the construction of the weir was begun, there were no 
river-gaugings available: consequently, in judging of the probable 
inflow into a reservoir, it was necessary to base calculations on 
results obtained in other countries. About 3,000 square miles of 
the Darling Ranges having been examined, and thirteen possible 
sites surveyed in a preliminary manner, it was finally decided to 
place the reservoir at Mundaring on the Helena River, where the 
cost of construction per million gallons of storage would be least. 
Fig. 2, Plate 1, shows the catchment-area and the rainfall-records 
available ; and notwithstanding that the catchment-area is 569 
square miles in extent, it was decided to provide storage sufficient 
to meet 2 years' demand and loss. 

On the face of it this was an excessive allowance, especia.lly when 
it is considered that to fill this large reservoir there is required an 
off-flow of what would usually be considered a very small fraction­
only 3 per cent.-of a rainfall of 1St inches, which is less than the 
fl.verage of the minimum yearly precipitation at Munda.ring and 
York. Brit the country in which the upper reaches of the Helena 
River are situated is formed of crystalline rocks, generally covered 
over brge areas by ferruginous conglomerR.te, and, in fl. measure, by 
lofl.my sand, which in places extends to a depth of 20 to 30 feet 
below the surface. The conglomerate and sands generally overlie 
kaolinized granite, which, in turn, merges into solid granite. In 
the vicinity of the weir, the rock is more exposed, the countrJ is 
less flat, and the range are better defined. The whole of the water­
shed is thickly timbered with jarrah, red gum and wandoo, th& 
jarrah predominating on the lower, and the wandoo on the upper 
reaches. Be ides thi heavy timber, the country is closely covered 
with an unde1·growth of "blackboys" and other scrubby plants. 
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The actual yield from the catchment-area, therefore, is shown in the 
following Table, which gives the discharge of the Helena River 
since gauging was undertaken. 

DISCHARGE OF HELENA RIVER AT WEIR SITE. 

llfe~tn Rainf~tll 
Disch~trge. 

R.'ttio of Dischmge to 
MnndMing and York. R~tinf~tll . 

Year Inches. Million Gallons. Per Cent. 
1897 24·5 672 0•34 

1898 30•76 3,802 1• 50 

1899 27·17 1,857 0•83 

1900 33·25 9,622 3·50 

1901 25·0 1, 401 0·69 

1902 19·3 323 0·20 

Not only are these figures very low, but the ratio of the discharge 
to the rainfall varies considerably more than does the rainfall. The 
small results as a whole can be accounted for partly by the absorp­
tive nature of the soil of much of the catchment-area, therein differ­
ing from the catchment-areas usually available in other countl'ies, 
and partly by the fact that the rain is precipitated very unfavour­
ably: for although the annual fall, in the vicinity of the reservoir 
for instance, averages about 37 inches, it is spread over a period 
extending from about May to November, inclusive. During some 
months, it rains nearly every day; but only on very rare occasions 
does the fall exceed 1 inch in 24 hours, the average being less than 
i inch, generally in light intermittent showers. The result is that 
the main watercourses do not begin to flow until 10 to 12 inches of 
rain have fallen, and they stop almost immediately the rainy 
season ends. The rainfall for the year 1902 may be taken as 
typical of the rainfall generally. During that year the total 
rainfall, as recorded at the Helena weir, amounted to 27! inches, 
the total number of rainy days being 81; i.e., the average precipi­
tation per rainy day was only 0 · 34 inch. The maximum rainfall 
in any one day was 1· 41 inch. 

The unusual variations in the yield are due, in the Author's 
opinion, to two other causes, whose effects in new countries where 
recm·ds are scanty require much experience and consideration for 
their conect estimation. The first is that the rainfalls of York and 
Mundaring, which are all that are available, require to be greatly 
di counted, owing to a rapid rise of the country for several 
miles inland from Mundaring, and then a fall to the tableland of 
the interior; and it is therefore probable that the rainfall on the 
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reverse slope of the Darling Ranges, and on much of the tableland 
adjoining, is less even than that at York. The second cause is that on 
the tableland, where the rainfall is smaller and the country is more 
absorptive than on the ranges, a large and more or less definite 
amount should be deducted from the rainfall before any estimate 
of the off-flow can be made. This opinion is supported by 
Tables I and II in the Appendix (p. 50). Table I contains 
the results of gaugings at two points lower down the same 
river as that on which the reservoir is situated, with, for the 
sake of contrast, the results obtained from the catchment of a 
selected portion of the inland country which is adjacent to that 
which drains into the H elena. It also gives the results of gaug­
ing the Canning River at a spot where, although the catchment 
includes a larger proportion of quick-shedding ground than in 
the case of the Helena at Mundaring, the result, by no means 
apparent at first, is that the average yield of the total catch­
ment is better than that of the H elena, although only half the 
size. Moreover, after the exceedingly low yield of 1902, the 
Author had weirs constructed across the several streams enter­
ing the reservoir-basin, and the results of gaugings are given 
in Table II. These results show conclusively the great conserva­
tive care necessary in dealing with questions of this kind in 
countries so dry as are parts of Australia, and they also justify the 
abnormal storage provided in the pre ent case. 

It was early evident that much of this difficulty would be obviated 
by placing the weir lower down the river (Figs. 2, Plate 1), and 
thus including a larger proportion of quick-shedding catchment. 
This, however, would have given a worse reservoir-site (i.e., less 
impounding-capacity for the same expenditure), and would have 
entailed extra expense, both capital and annual, on account of the 
greater pumping-lift: the site higher up-stream was therefore 
adhered to. The startling results of 1902, however, could not be 
foreseen; and as, in the Author's opinion, the available records of 
rainfall (Table Ill) render it more than doubtful whether, when the 
full estimated daily consumption is reached, even the 2 years' storage­
capacity will be sufficient to tide over bad seasons, the responsibility 
was incurred by him of recommending any necessary additions to the 
works. It was not considered advisable to raise the reservoir-wall 
-although it is strong enough to bear some additional static pressure 
-since the diagram of capacities (Fig. 5 ) shows that the limit of 
economy of the site has already been reached ; and it has therefore 
been recommended that so soon as the demand warrants that course, 
catch-water drains should be extended into the well-watered and 
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quick-shedding country draining into the Helena below the present 
weir. By this means, for an expenditure of about £45,000 (only 1~ 
per cent. of the total cost of the scheme), enough ·extra catchment­
area could be included to ensure a yield from the present r eservoir 
of 6~ million gallons daily-say 50 per cent. more than what is 
now a certainty. 

Evaporaftion and Loss from Resm·voi1·.-As will be explained 
later, the site of the weir was so badly fissured, and the basin 
of the reservoir so extensively crossed by basaltic dykes, that 
competent geological authorities believed that extensive stopping 
with concrete might be necessary. It was a matter of great in­
terest, therefore, to ascertain what loss, if any, from the reservoir 
might result from this fractured condition; for it was decided that, 
except as regards the fissure across the site of the dam, no precau-
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tionary measures should be taken in the first instance. Between the 
1st November, 1901, and the 28th February, 1902, no water at all 
was drawn, and a favourable opportunity for testing the probable 
annual loss was thus afforded. The results are shown in Table 
IV of the Appendix, and, as the total loss is at the rate of only 4t feet 
of depth per annum-which is not much more than the evaporation 
alone should amount to- the danger of building where similar basalt 
dykes occur can be seen to be not excessive. The point is one of 
the greatest interest in Western Australia, not only because the 
location generally of the streams in the ranges seems to have been 
determined by the greater ease with which these basaltic dykes 
have been disintegrated and eroded, but . also because practically 
the only site available for the rese1·voir of the ultimate gravita­
tion scheme for the West Australian metropolitan area, lately 



Proceedings.] PALM:ER ON COOLGARDIE WATER-SUPPLY. 13 

reported on by the Author, is even more fissured than that at 
Mundaring. 

Quality of the Water.-Exoopt in a few tracts where salts have been 
leached out of the soil by heavy rainfall, even the surface waters 
of Western Australia generally, although soft, contain a com­
paratively large amount of dissolved mineral matter, chiefly 
common salt. High chlorine results have therefore to be expected 
on analysis, and this test of possible contamination of the sources 
of supply, whatever its value elsewhere,- is inapplicable; but as 
the catchment is so large, and as much of the area was alienated 
before the scheme was inaugurated, and would cost an excessive 
sum to buy back, a small amount of habitation on the catchment 
is inevitable. Moreover, except in these small patches, the land 
is covered with forest and scrub ; and, with a small ratio of off­
flow, the decaying vegetable matter would be expected to result 
in high ammonia figures on analysis of the water. Although this 
would in itself be harmless, it was recognized that the presence of 
the dissolved organic matter might be accompanied, on occasion, 
by dangerous bacteria of decomposition ; and, as filtering before 
delivery is not included in the scheme, it was determined to 
institute periodical analyses in the first instance, and, later on, to 
make also regular bacterial examinations. The results of analyses 
made in February, May, October, and December, 1903, are given 
in Tables V-VIII, and disclose the fact that, owing apparently 
to anaerobic action in the pipes between the storage-reservoir and 
Ooolgardie there is a marked improvement in the quality of the 
water. 

Disposal of Surplus Flood- Waters.-Although when the scheme 
was inaugurated there were no gaugings by which the probable 
total inflow into the reservoir from year to year could be arrived 
at with certainty, there was ample evidence to show that the 
Helena and other streams similarly situated were liable to 
heavy floods; and as at the site chosen for the weir the valley 
through which the Helena runs converges abruptly, being in fact a 
deep gorge flanked on both sides by high hills, the width at the bed 
of the river being only 15 feet, and at 100 feet above the bed 750 feet 
only from solid rock to solid rock, the usual method of disposing of 
flood-waters, namely, by means of a by-wash, was precluded by 
its cost. It was therefore decided to pass all floods over the weir­
crest, notwithstanding that calculation showed that for safety as 
much as 5 feet in depth over the whole length of the weir would 
have to be allowed for. Although, so far as the Author is aware, 
the weir is the highest overflow-weir in existence, this depth was 
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not considered excessive, because no debris whatever is brought down 
in floods, which, even when of the heaviest, could not be of very long 
duration. Indeed, the whole flow of the river lasts less than half 
the year at most, so that sufficient time is afforded for repairing any 
damage done to the weir-face and footings. In order to facilitate 
the descent of the water, the profile of the weir-crest was approxi­
mated to a parabola, and the form of the curve follows very closely 
that of the Holyoke Dam, in the United States, which was deter­
mined by experiment. The reservoir overflowed for the first time 
during the rainy season of 1903, and, for about 2 weeks, 6 inches of 
water flowed over the crest. without doing any damage to the wall.1 

The water clung perfectly to the whole wall-face while descending. 
The same result is not to be expected when the depth over the 
crest is much greater; but obviously some departure of the deeper 
flowing water from the wall would not matter much. The down­
stream face of the dam is broken by three guide-walls which 
prevent any scour at its foot by the spill-water, which would 
otherwise have run along the toe; and where the wall is highest, 
a spill-water basin or water-cushion has been provided, from 
which a wide channel, excavated in the river-bed and lined with 
stone, carries all flood-water rapidly away clear of the dam and of 
the pumping-station below it. 

The loss by evaporation and percolation has proved to be very 
small, and the overflow and draw-off arrangements of the reservoir 
have worked most satisfactorily. 

II.-CONS'£RUCTION OF THE WEIR. 

The weir was built to the section shown in Figs. 6, Plate l, the 
governing factors of the design being that the maximum pressure 
on any portion of the wall should not exceed 8 tons per square 
foot, and that the centres of pressure should be well within the 
middle third, both with the reservoir empty and when 5 feet of 
water was flowing over the crest. 

P1·elirnina1·y Worlcs.-The reservoir and the first pumping-station 
are situated at the bottom of a deep valley some miles from the 
nearest railway, and as all material, except stone for the concrete 
of which the weir was built, had to be brought from a distance, the 
:first work put in hand was the construction of a tram-line, to the 
standard railway-gauge of the State, starting from Mundaring 

1 The Author has heard since the above was written that 1 foot 6 inches in 
depth of water passed over the crest in the beginning of August, 1904. 
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station on the existing line of railway. The next question was the 
provision, at a comparatively waterless spot, of a permanent supply 
of water fit for the use of the many men to be employed, as well 
as for the works. The requirements were met by constructing, in 
the bed of the future reservoir and about 9 chains above the weir­
wall, a temporary concrete dam impounding about 20 million 
gallons, and by forming, from the by-wash with which this small 
reservoir was provided, a channel capable of carrying away 100 
million gallons per diem. The channel was formed for the most 
part of open cut, but a timber flume carried the flood-waters across 
the weir-site. 

Foundations.-Generally speaking, the country at the reservoir 
site is very rocky, consisting largely of undecomposed granite, 
traversed by intrusive basaltic dykes whose direction is mostly 
at right-angles to the course of the river . At the site of the weir, 
however, the granite showed out particularly clearly, and the few 
trial-shafts, put down where the rock was shattered, reached 
solid granite at no great depth, · the deepest of the shafts being 
only 20 feet deep from the ground-surface. On opening up the 
foundations, however, it was discovered that the rock was nothing 
like as solid as surface indications and trial-pits promised; for on 
the right bank a large portion of what at first appeared to be 
bed-rock was found to consist of an immense boulder with a large 
cavity below it ; and under the bed of the river the granite was 
very badly fissured over the full width of the foundations. It 
was not possible to vary the site, as the disruption was found 
to extend both up- and down-stream for a considerable distance 
and there was no alternative but to follow the fissure down, which 
was done until a depth of 90 feet below river-bed was reached. At 
this level the filling material in the fissure was found to be so 
compact that it was but slightly eroded by a jet of water dis­
charged under a pressure of 250 lbs. per square inch. It having 
been seen that the fissure had a northern underlay, a vertical boring 
was now made on the north bank of the river, which cut the 
fissure at about 165 feet below river-bed, and was continued for a 
further depth of 52 feet. The bore was then filled with water, 
n.nd the material in the fault was subjected to a hydrostatic pres­
sure equivalent to a head of 690 feet, which was maintained for 
4 hours, during which time the foot- and hanging walls of the 
fissure, and the line of fissure at the bottom of the excavations, 
were all carefully examined ; but no signs of moisture could 
be detected. It was concluded that the material in the fissure, 
at the depth which the excavations had then attained, was 
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impervious to water, and that it would therefore be safe to erect 
the weir thereon. 

Where the wall would be highest, that is, where the fissure 
occurred in the foundations, the excavations were carried down 
about 15 feet from the building-line in a vertical direction on 
the up-stream face; but as one of the basaltic dykes crosses 
the valley a short distance away on the down-stream side, it was 
considered necessary to remove the whole of the material between 
the hanging wall of the dyke and what would otherwise have 
been the toe of the weir. The concrete filling of foundations 
was canied up to bed-level on the up-stream face, but on the lower 
side the mass filling was stopped 18 feet below bed-level and the 
wall proper was begun to the designed section. The granite 
beds, or floors, were deeply chased in longitudinal rows about 6 feet 
wide ~tnd 3 feet deep, and the toe of the wall-batter, where it 
met the granite floor, was channelled the whole length to key the 
concrete in. 

The great inequality in the depth of the foundations, and their 
apparent doubtfulness for a work of this magnitude, have not 
appreciably affected the weir ; for although very fine vertical 
lines, such as invariably occur in the concrete lining of service­
reservoirs in hot countries, have made their appearance here, they 
have not extended, and any slight sweats have taken up. 

Drawing-off and Scouring Arrangements.-The reservoir is pro­
vided with two valve-towers constructed of concrete. The inner 
tower (Fig. 7, Plate 1), situated on the reservoir side of the 
weir, was built into, and concurrently with, the main wall, being 
approximately semi-circular in section. The outer valve-tower 
(Figs. 8 and 9, Plate 2) is rectangular in section, and is situated 
175 feet down-stream from the centre of the weir-wall, being con­
nected therewith by a viaduct, which carries the outlet- and scour­
pipes, all solidly bedded in concrete, as far out as the outer valve­
house. Ingress to the inner valve-tower is obtained by means of 
a teel gangway running over the crest of the weir, and sup­
ported thereon by granite cut-water piers 52 feet apart between 
centres. 

Provision is made for drawing water from the reservoir at three 
different levels, namely, at 25,! feet, 53 feet and 80 feet below full­
supply level, by means of 24-inch cast-iron bell-mouthed pipes, 
passing through the valve-tower wall il').to a cast-iron stand-post. 
Each draw-off inlet is p~·ovided with a stop-valve placed in the 
valve-chamber, from which valve-rods are carried up to bevel­
gea.red headstocks, all placed on the upper valve-towor floor, which 
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is l foot 9 inches above maximum flood-water level of the 
l'eser:voir. 

Over each inlet are placed screens which can be removed for 
cleaning by means of chains worked by winches carried on an 
outer platform running round the valve-tower, and supported 
the1·efrom by brackets. Two 24-inch cast-iron spigot-and-faucet 
outlet-pipes pass from the stand-post, at 80 feet - below full-supply 
level, thr·ough the weir-wall to the outer valve-tower. E ach 
outlet is provided with a stop-valve in the inner valve-tower, 
and these are regulated similarly to the valves on the reservoir­
inlets. 

A 30-inch scour-pipe, leading from a fore-bay 90 feet below full­
supply level, runs through the inner valve-tower, and through the 
Weir-wall into the outer valve-tower. It is provided with a stop­
va,lve in the inner tower, which is worked by a worm-geared head­
stock placed on the upper floor . From the outer valve-tower the 
scour passes into the river, where it has its discharge. Both the 
outlet-pipes and the scour-pipe are provided with valves in the outer 
valve-tower, which will be brought into use only in the event of 
accidents to the regulating-valves in the inner valve-tower. Any 
Water soaking through the wall of the inner valve-tower is led into 
a sump, whence it can be lifted into the scour-pipe by means of a 
Water-ejector, supplied with pressure water from the lowest inlet. 
At the oute1· valve-tower, the two 24-inch outlet-pipes junction into 
a 30-inch pipe, which runs to the stand-pipe in front of the engines 
at No. l station. 

The details of all the ironwork used in the construction of the 
Weir ·were drawn out in the State, and all ironwork was obtained 
from Great Britain. It speak well both for the accuracy 
displayed in the preparation of the drawings, and for the care 
exercised in t he manufacture of the various appliances, that when 
being grouped together as the work progressed, all parts fitted 
correctly into their respective places, without any alteration what­
ever. 

The site of the reservoir, about 800 acres in extent, was 
g1·ubbed and cleared, and all fallen t imber and clecaying vegetable 
matter was taken out of tbe riYer-bed and bm'ned; later on the 
sucke1·s ::md scrub were again cut lown and burned. About 20,000 
acres of the lower catchment-area was l'ing-barked with the object 
of increasing the inflow. 

A concrete-lined spill-water basin, about 150 feet long by 100 
feet wide, is con t ructed in the bed of the ri\7 er, at the t oe of the 

[TilE INS'f . C .E. VOL. CLXII .J C 
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wall, with a depth of water of about 10 feet. The water is confined 
by a mound across the river-bed constructed of rubble faced with 
concrete. 

The excavations for the foundations were begun in May, 1898, 
and on their completion in January, 1900, the building of the wall 
was started, and was carried on both day and night until completion 
in June, 1902, an electric-lighting plant and eight arc-lamps 
placed at points of vantage affording ample light for operations by 
night. 

Cement and Ooncrete.-In the construction of the weir-wall 
76,418 casks of cement were used, and a further 1,090 in the spill­
water basin and other subsidiary works, or a total of 77,508 casks, 
of which 19,767 casks were of German manufacture and the balance 
British. The German cement was chiefly used in filling the 
deep excavations made in sinking on the fault in the bed of the 
river. 

The length of the average passage by steamer from London to 
Fremantle was more than 6 weeks, and by sailing vessel 90 to 
100 days; and as on arrival in the State the cement was received 
into storage-sheds where it lay at least 1 month, but generally 
for a longer period, during which time tests were made preliminary 
to its despatch for use, the cement had some chance of losing 
any "freshness" which it might have had when first placed in 
casks, and needed comparatively little slaking. A cement which 
did not demand much slaking before use was especially necessary in 
connection with the smaller scattered works of the scheme, distri­
buted as they were over 350 miles, and mostly in country whose dry 
atmosphere would not tend to satisfactory, or, at any rate, speedy, 
laking. In these smaller works, the cement having passed the 

necessary tests, was used direct from the casks, because to slake and 
then repack it would have entailed incommensurate expenditru·e ; 
but at the weir provision was made for slaking fully all cement 
requiring it. 

The tests, which were of an exhaustive character,1 were directed 
not only towards determining the qualities of each batch of cement, 
but also to so ascertaining those qualities that after slight treat­
ment in the State parcels which seemed at first to be doubtful 
might be used without hesitation. Situated, as the works were, 
at such a distance from the source of supply, this was essen-

' In the year 1902 alone over 9,000 briquettes were made, not only for im­
mediate use, but also to be broken for comparison, 3 months and 6 months 
and 1, 2 and 3 years after making. 
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tial. Taken altogether, the cements received were very satis­
factory, and as the long-date tests become due, and the 
samples are examined and the briquettes broken, the results 
confu'm the good qualities adjudged after the shorter tests. In 
all, ninety-two complete analyses were made, of which those in 
Table IX. (p. 54) may be accepted as average results. The specific 
gravity varied between 3 · 05 and 3 ·13. On the whole, the 
cement used was exceptionally well ground, that received towards 
the completion of the works being even :finer than the earlier 
consignments. After the works were begun, a special set of bulk 
tests was carried out. Several casks of the different brands were 
sampled, and 25 lbs. of each brand was carefully passed through 
sieves with a mesh of 14,400 holes per square inch. The residues 
were-

German cement 
English cement 

J L IO LIBRARY CF W.A 
7·04 per cent. 

12 · 79 to 13 · 40 , 

The tests of tensile strength ranged from the usual 3-day and 
7 -day hot- and cold-bath to 28-day cold-bath tests, a reserve of 
briquettes being often retained from the various batches for long­
date tests. As a rule the results were very good, even when, fresh 
from the cask, the cement was subjected to the hot-water treat­
ment. The bot bath was utilized to determine the necessity for 
slaking, it being found that a cement which showed a falling-off 
from the cold-bath results, when treated for a similar period in hot 
water, generally headed the cold-bath records after being fairly 
slaked: and there are numerous series of tests showing satisfactory 
increase in tensile strength at various dates up to 12 months. 
Cements, however, which showed a tendency to fall off in strength 
in hot water had to give undeniably good results after the requisite 
periods of slaking, before being despatched to the works. 

One feature in the relative rise in temperature on hydration 
of slaked and unslaked cement is worthy of notice. On several 
occasions samples taken straight from the casks showed a com­
paratively small rise in temperature, yet the same cement, after 
exposlli'e to the air, registered a considerable rise. For the purposes 
of clo er examination a long se1·ies of experiments was made with 
the same shipment of cement air-slaked under three diff'erent 
conditions, namely :-

(1) Under the corrugated-iron roof of a shed. 
(2) Under the wooden floor of the same building, spread in thin 

layers on a large tarpaulin and turned over daily; and 
(3) Under the same floor, but placed in a box covered with wet 

c 2 
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bags, passages for currents of ~ir being left between the cement and 
the bags, which were wetted and turned daily. The maximum 
rise in temperature is shown in Fig. 10, Plate 2. It is difficult to 

assign reasons for the. e results, but Table X. in the Appendix, 
obtained from long-date tests of this same consignment, shows 
satisfactory incr·ease of strength. 

The effect of slaking on subsequent expansion was al o the 
subject of a long series of tests. Ordinary glass te t-tubes, 6 inches 
by l inch, were filled with stiff grout, and placed in cold-water baths 
after the cement had set. The tubes usually cracked after 3 days 
or more when filled with fresh cement, showing a high rise of 

Fig. 11. 

TRANSVERSE SECTION 
Scale I Inch - 20 Feet 

~~s~~oL-____ ~,0~----~20~----~ao~EET 

R.L. 4-00·00 

temperature on hydration; but as slaking proceeded, so did the 
energy of the cement decrease. Further, there was apparently 
renewed activity after months of quiescence, tubes being cracked 
although the cement core itself remained hard and sound and, so far 
as the eye could detect, absolutely unharmed. 

The receiving- and slaking-shed for the cement (Fig. 11) was 
built at the temporary end of the tram-line, that is, adjacent to its 
crossing of the weir-site, the upper floor of the shed being 
at the same level as that of the milway-wagons. The stOl·age­
capacity of the shed was 2,000 casks, and one-half o£ this quantity 
was taken by the laking-tables, ananged on a falling gradient 
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so t hat one tipped on to the next and so on, until the cement 
arrived at a shoot leading on to the trucks, which conveyed it to 
the mixing-shed . .A. large portion of the cement, however, did not 
require special air-slaking. This, after having been put through a 
fine-meshed sieve, passed down a shoot to the concret e-mixer with­
out being placed on the slaking-tables. Below the cement-shed, on 
the same level as the quarry-road, the stone-crushing plant was 
erected. It consisted of a No. 4 Gates crusher capable of dealing 
with 20 cubic yards of granite per hour, and driven by a 25-HP. 
Robey engine. In the same shed, but below the crusher, was 
situated the concrete-mixer, portable and self-contained, of the 
rotating-barrel type, mechanically fed with cement, stone and sand 
in the proper proportions, and capable of mixing 20 cubic yards of 
concrete per hour. All this machinery, from the cement-shed to the 
delivery end of the concrete-mixer banel, was designed so that every 
operation which could be effected with advantage, or could be 
helped, by gravity, was so ananged ; and the whole proved very 
satisfactory in working. 

Except about 1,000 cubic yards of sharp, coarse-grained sand 
obtained from the river about 1 mile below the weir-site, the 
whole of the sand was brought from either Lion Mill or Bays­
water, distant 8 miles and 22 miles respectively, by railway. That 
from the former was of quartz, and very fine-grained, yielding 
even and good results in the t esting-room. The quarry, however, 
required heavy stripping of mould, and the sand itself required 
screening and thorough washing, to cleanse it from vegetable 
and earthy matters. This entailed the erection of a sand­
washing pln.nt. The sand from Bayswater was of a much better 
class, and required but light washing to free it from all earthy 
material. 

About 30,000 cubic yards of spalls, for crushing to concrete size, 
were elected from the material obtained in the excavation of the 
foundations. For the plums and the balance of the spalls required, 
a quarry wa opened on the north bank of the stream, below the 
weir, and about 70 feet above river-bed. 

The weir and all accessories were built of concrete, but in the 
former, large rough granite blocks, just as quarried, were introduced 
into the concrete. It was originally intended to build the wall 
with 50 pe1· cent. of these la1·ge blocks ; but without proper 
plant, which was not available, handling would have been very 
xpensive. The concrete consi ted of 5 parts by measurement of 

granite crushed to 2!-inch gauge, 2 pitrts of cleaned sand and 1 
pitrt of Porthwd cement. So long as the wall r emained below the 
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level of the mixing-house, the mixtm·e was conveyed to the work on 
an enclless conveyor working in a trough, with travelling boards 
secured by ropes and spaced 2 feet apart, thus ensuring that the 
heavier aggregate was not separated from the matrix on the way. 
Later, the concrete was conveyed on a trolley-line in skips, to a 
large derrick-crane, which lifted the skips on to temporary 
tram-lines on the growing wall : they were then pushed by 
hand to a travelling steam-crane which lifted each skip in a 
bridle, overturned, emptied, and returned it to its carriage. The 
concrete was spread and rammed by hand, the various layers 
being broken up so far as the width of wall would allow, in order 
to break bond in both beds and joints; and in addition, the large 
rough blocks, up to 2 cubic yards in volume, were deposited and 
thoroughly bedded and grouted, in order to key the bedding-planes 
together. 

For the first 10 feet the batter was lined and the concrete 
retained by rubble masonry, but above this level wooden framing 
was substituted. This framing was of Oregon pine, and consisted of 
uprights 9 inches by 3 inches, and 15 feet long, cut to the sweep of 
the wall section, spaced 3 feet apart and closely lined on the wall 
face with 12-inch by !-inch Oregon boards. For the first few 
feet upwa1:ds, the studs were held in position by shores, but later 
they were bored for 1-inch bolts about 18 inches long, at vertical 
intervals of 3 feet. Each bolt was fitted with an 8-inch by 3-inch 
by !-inch iron screwed washer-plate, which was built into the 
concrete, and remained there after the bolts were withdrawn and 
the holes grouted. Each vertical stud was lap-jointed and bolted to 
the succeeding one, the lap being sufficient to allow of two 
bolt-holds in the concrete before the lower boards were removed. 
No cross stays or ties were used across the wall, and the front and 
back framings were independent. The uprights were aligned 
throughout with a theodolite, the heads of each section being cut 
off to the required level and fixed to the width of wall corresponding 
with that level, with an allowance for outward pressm·e of the wet 
concrete. Rendering of the fa.ce was not de ired or found necessfLry, 
as great care was taken, when depo iting the wet concrete in 
contnct with the moulding-boards, to keep aU stone well back with 
straight spades, and a good finished face resulted on stripping. 
The valve-towe1· and viaduct, which were carried up with the main 
wall, were similarly built between moulding-boards, the frames 
inside and out being formed of upright studs, cross silled nnd lagged 
with 4-inch by 1~--inch tongued and grooved Oregon boards fixed 
vurticn.lly. 
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III.- TJIE PIPE-LINE. 

The points on which the Commission of English engineers were 
asked to advise were, as regards pipes and main generally-

( a) "Whether the pipes should be laid in a trench and covered 
in, or left exposed to view." 

(b) "Whether it would be safe to rivet up the whole line of 
pipes, or whether joints, to allow for contraction and expansion, are 
necessary; the kind of joint most imitable, should they be 
necessary." 

(c) "Material and method of manufacture of pipes, whether 
welded or riveted, and whether welding and riveting shall be square 
or spiral." The use of cast iron being prohibited by the cost and 
the difficulty of freight both by sea and by land, the Commissioners 
were not to take it into account. 

(d) "The diameter and thickness of pipes, and method of 
protecting." 

As regards (a), the Commissioners were informed that there were 
possibly deleterious salts in the soil of a large part of the district 
through which the aqueduct would pass; and, for thi reason, and 
also in order to avoid pressure on the empty pipes, to save the 
expense of trenching, and especially to facilitate detection and 
suppression of leakage, they recommended that the pipes should be 
laid above ground, uncovered, with expansion-joints. 

The Commission recommended that the pipes should be of steel. 
throughout, supported on bolsters, and riveted up in lengths of about 
110 feet, with expansion joints at these intervals, and anchor joints 
midway, fixed to masses of concrete or piles, in order to prevent the 
pipes from creeping. The minimum thickne s was fixed at -Ar inch ; 
and the pipes were to be longitudinally riveted where the pressure 
was such that the thickness of shell for riveted pipe was not required 

Number of Lengths of Pipe. 

28 feet long with internal diameter 
Class of Pipe. 27t feet long with plates t inch 31 inohes at larger end and r duced 

thick and of internal diameto. at smaller end according to thickness 
of plates to form telescopic joint. 

26 Inches. 27·} Inches. 29 Inches. Of:fii Inch Oft-Inch Of '\;-Inch 
late. Plate. Elate. 

Welded 5,592 4,393 5, 710 00 00 00 

lliveted .. .. .. 23,425 19,759 3,257 
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to be greater than ;}; inch, and welded for all higher pressures; with 
a minimum thickness of i inch. 

Tenders for the pipes were accordingly invited from Australia, 
Europe and America, the quantities specified for being as shown in 
the Table on p. 23. Tenderers were at the same time invited to submit 
alternative prices for any other kind of pipe which they desired to 
put forward. The lowest of the tenders received were as follows 
the prices being for delivery in the Colony at a point 22 miles 
inland:-

Hiveted pipes . 

Welded 

Class of Pipe. 

Locking-bar pipes in lieu of welded pipes 

Total . 

Lowest Tenders received in 

Europe. 

£ 
782,708 

472,600 

1,255,308 

.Australia. 

£ 
682,827 

239,868 

922,695 

The locking-bar pipe, for which alternative tenders were received, 
had been considered by the Commission and favourably commented 
on, but was not recommended for so large a scheme, because 
proof of its successful q1anufacture and use on any considerable 
scale was not then available. Subsequently, however, and before 
receipt of the tenders, 10 miles of main, 25~ inches in diameter, 
had been laid in South Australia. It had been found that pipes 
made from f-inch plate and fresh from the closing-machine would 
withstand a pressur-e of 400 lbs. per square inch-or nearly twice 
what would be allowed continuously in practice on pipes of this 
thickness of plate-without a weep ; and, moreover, all pipes which 
did not stand the test could be passed back to the closing-machine 
to be reclosed, instead of being subjected to the usual caulking­
processes so in jurious generally to the plates and jointings. 
Practical use on a fair length of main also showed that the jointing 
could be successfully accomplished, t hus leaving only questions of 
comparative cost and comparative usefulness to be considered in 
deciding whether the new pipe should or should not be used in place 
of welded and riveted pipes. 

Taking first the Australian prices for locking-bar pipes and 
contrasting them with those for welded pipes, the saving is seen 
to be very marked, being within a few pounds of 50 per cent. 
Moreover, the price of locking-bar pipes was hut little more tha.n 
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that of riveted pipes. The lowest tenderers were therefore asked 
to consider the matter again, and they quoted prices for the 
locking-bar pipes which contrasted as follows with those received 
for the riveted pipes:-

Truckness of Riveted Pipe. Locking-Bar Pipe. Metal in Pipe. 
------

Inch. .£ s. d. £ 8. d. 
t'lr 12 12 9 13 10 0 

~ 16 5 0 16 15 0 

rlr 20 3 6 21 0 0 

Making a deduction of ·h inch from the thickness of the plate 
to allow for corrosion and contingencies, and assuming a safe 
working-pressure of 7~ tons per square inch of net section of metal, 
th~ safe head of water on pipes of these thicknesses, and 30 inches 
in diameter, is shown by the following Table :-

Thickness Safe ·working-Head. 
of Metal 
in Pipe. Riveteu Pipe. Welded Pipe. 

---------
Inch. Feet. Feet. 

3 220 323 :nr 

~ 340 485 

fG- 458 647 

The locking-bar pipe being as strong as welded pipe, it would 
be possible to effect conRiderable economy by using f-6 -inch and 
;};-inch locking-bar pipes, in place, re pectively, of the -!-inch and 
f"G"-inch riveted pipes which had been specified originally ; 
but it was recognized in the State, when pipes of so small a 
thickness as -Ar inch were included in those to be t endered for, 
that great care would be required in handling them, in order to 
prevent damage ; and one r esult of the favourably low tenders 
was that a minimum thickness of i inch was provided throughout, 
thus greatly increasing the probable life of the main in the very 
portions where the soil is ~worst, and the variations in tempera­
ture greatest. Moreover, by having one thickness and one diameter 
throughout, the contractors were induced to make a further 
reduction of 5s. per pipe, so that the whole length of main was 
laid with pipes 30 inches in diameter, thus effecting some saving 
in the capital cost of the pumps, as well as in the cost of pumping. 
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Summing up the position, the r esults of adopting locking­
bar pipes and a uniform diameter throughout are these :-The 
section of the ground tl'aversed by the pipe-line is such that, 
considered purely from the point of view of . obtaining minimum 
pressures on the main throughout, it would be advisable to vary 
the diameters and thus use up superfluous head; but the variation 
of pressure with a uniform diameter could not be large if 
the pumping-stations were suitably located, and this slight dis­
advantage was considered to be more than counterbalanced by the 
reduction in the cost of the pipes and the other advantages attending 
a uniform, and to some ext ent larger, main. Moreover, the substi­
tution of locking-bar for welded pipe effected a saving of no less 
than 50 per cent. of the cost of the latter; and, although, as compared 
with the r iveted pipes tendered for, the locking-bar pipes eventually 
provided cost ll! per cent. more, on the other hand, the latter were 
considered superiol' in several ways. Their frictional resistance, 
according to older accepted formulas, was less in the r atio of 
2 · 5 : 3 ·1, a difference of 25 per cent. ; and the probable damage in 
handling ±-inch in lieu of A -inch plate pipes would be less, and the 
probable life of the pipes would be much longer : for the actua.l 
thickness r equired for safe working being about as 2 of locking­
bar to 3 of riveted pipe, the substitution of -!-inch plate locking­
bar pipe for A -inch riveted pipe meant a provision of :f4 inch of 
plate in place of A inch for corrosion and damage ; and the substitu­
tion of ±-inch locking-bar pipe for ±-inch riveted meant a provision of 
:l inch for corrosion in place of i 1r inch in the case of the riveted 
pipe, a difference, therefore, of 133 to 233 per cent. 

As the adoption of locking-bar pipes obviated t he serious and 
continuous loss of water which was to be anticipated from a pipe 
having multitudinous rivet-holes, the question · was considered 
whether the soils in which the pipe would have to be laid would 
tend to shorten its life, and if so, to what extent. As already 
mentioned, the natural water obtainable on the goldfields is highly 
mineralized; moreover, it often contains free acids. Therefore thin 
unprotected pipes in contact with this water could not have any 
lengthy life-a conclusion which experience has confirmed ; but 
careful analysis of the soils along the pipe-track ('!'able XI.) 
showed that, where mining-operations did not entail distribution 
of such water on to the soil in which the pipes might be buried, 
this soil has been ·so much leached as to have lost many of its 
hal'mful properties, except, of course, in the salt-impregnated beds 
of the so-called "ln.kes." It .was decided, therefore, that in the 
latter situation the pipes should be htid on trestles above ground, 
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but covered with a low roof of galvanized iron; and that in the 
remainder of the section they should be buried, thus obviating 
any nece sity for expansion-joints and permitting, in fact, the use 
of ordinary lead jointing. 

The Ooating.-In determining the composition of the coating to 
be used, wide extremes of temperature had to be allowed for. The 
fierce and continuous heat of the goldfields summer, when the 
temperature in the sun attains 150° to 170° F., is sufficient to render 
even block asphalt plastic. On the other hand, the frosts of winter 
would injuriously affect too hard a coating ; and, moreover, as 
experiments showed, the extreme dryness of the soil at certain 
seasons, together with the heat, would very likely cause some loss of 
essential oils. A£ the result of a large number of tests of mixtures, 
made both at the pipe-works and at the head office, the coating 
used consisted of one part of asphalt and one part of coal-tar 
applied as described later, and freely sprinkled with sand while 
still hot and soft, to reduce the risk of the coating running 
when exposed in hot weather. No doubt the latter object could 
have been attained by more boiling, but the harder coating-mixture 
would have been brittle and more liable to flake off the pipes. 
Even the coating used ran to some extent when exposed for many 
days to the hot sun ; but all exposure of metal, owing to this and 
other damage, was systematically made good just before the pipes 
were buried. The inside of the pipes were similarly coated-except, 
of course, that no sand was applied ; but, as the water passing 
through is soft, although containing 20 grains of solids per gallon, 
and as vegetable acids are absent, much corrosion of the interior 
surface is not anticipated: and where the pipes have been emptied 
and opened 12 months aftel' water started to pass continuously 
through them, the interior has appeared to be as clean and good 
as when they were first laid. 

Joints.-A simple sleeve joint (Figs. 12) was adopted, the ring 
being 8 inches wide, and t inch larger internally than the pipe 
externally, to a.llow for slight variations in the ring, and to pel'mit 
of the use of lead filling throughout. For working-heads of 320 
feet and less, the section of ring used was as hown in Fig. 13, the 
weight being 126 lbs. ; but for heads of more than 320 feet a stronger 
form was u ed, as shown in Fig. 14, the weight per ring being 
160 lbs. The finished jointing has proved very effective, the loss 
through leakage being small. From the pipes alone, on Sections 
1-5, it was found to be 343 gallons per mile per diem. From the 
whole length of 295 miles between the storage re ervoir at Mun­
daring and the last pumping-st.o"Ltion it wa. · found to be 480 gallons 
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per mile per diem, over 10 months' working. This figure includes 
losses due to evaporation nnd percolation from nine pumping and 

PlATE fnc&CK,LOCKlHG-BA.R 7 LSS.PEI\ UNfAL FOOT PLATE Rt'TliiCK ,LOCKIHG--BAA 84.LBS.P.ER LINEAL FOOT 
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break-pressm·e reservoirs of contents aggregating 16l million 
g<tllons. 

Fig. 13. 
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As a direct line from the Helena reservoir to Coolgardie does 
not deviate far from the r ailway already built to the gold-

Fig. 14 . 
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fields, it was resolved that from Northam eastward the pipes 
should be laid parallel with the milway and at a distance of 
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45 feet therefrom; thus gaining the great advantages of easy carriage 
and, sub equently, of easy supply of water to the railway: but 
between the weir and Northam the railway was deviated from, in 
order to shorten the distance, and also for the purpose of traversing 
higher country and thus reducing the pressure on the pipe. 

Figs. 15 show the cross section of the pipe-trench and covering 
adopted. Where salt lakes or their bed occur, the main is carried 
on timber trestles, the pipes being surrounded by an insulation of 
saw-du~t, which is kept in place by galvanised corrugated iron. 
This arrangement has been quite succe sful, no movements at the 
joints having taken place. Across the Avon R iver the pipe is 
duplicated, sunk beneath the bed of the river, and embedded in 
concrete. At railway- and road-crossings, the pipe is also protected 
by a shield of concrete. 

At intervals of about 5 miles, stop-valves (Figs. 16) are inserted, 
the diameter of the main being reduced by cast-steel reducing-pieces 
to 21 inches. Where long rising gradients occur, reflux-valves 
are placed, the pipe being similarly r educed. Scour-valves are 
provided where required at both stop-valves and r eflux-valve ·. 
The stop-valves are actuated by slow-motion gearing, and, on 
actions where the water-hammer was likely to be considerable, 

small by-passes were introduced, and so controlled that the water 
was brought to rest very slowly. Air-valves of the Glenfield pattern 
were placed at all summits, a nest of three being placed at the 
highest points, a nest of two at intermediate point , and a single 
valve at the lowest points. These valves are of the double type, 
provision being made for a large e cape of air when charging the 
main, while air accumulating in the pipe is automatically discharged. 
This automatic di charge, instead of being obtained by varying 
the diameter of the ball, is effect~d by variation in the diameter of 
the orifice in the nipple. By this arrangement the nipple­
orifices for the high points, where the pressure is light but where 
larger volumes of air accumulate, are of the largest diameter, 
and consequently afford the maximum provision for the di charge 
of air. 

Manufacture of the Pipes.-Figs. 12 show the section of the pipe 
used, the dimensions varying according to the head. A pipe consists 
of two plates, each of the full length of the pipe and each bent to a 
semicircle. The edges are burred or beaded to the shape of a dove­
tail, and are inserted in the open jaws of heavy longitudinal bars, 
which are subsequently closed cold on to the edges of the plates, 
thus forming longitudinal dovetail joint . The steel used in both 
plate and bars was open-he1nth basic teel with a specified t nsile 
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Figs. 15. 

EXCAVATION IN LOOSE GROUND 
WHEqE CROWN OF P I PE IS LESS THAN 

1'. 10• BELOW GROUND-SURFACE 

EXCAVATION IN LOOSE GROUND 
wtiERE CROWN O'F PIPE IS MORE 
THAN 1' 10• BELOW GROUND-SURFACE 

ScALE I INCH = 4 FEET 
FOOT t 0 5 10 F£8T 

~~~--~--~--~--~--~--~--~--~--~~ 

PIPE IN CUTTING AND IN EMBANKMENT. 



Proceedings.] PALMER ON COOLGARDIE WATER-SUPPLY. 

SCOUR-VALVE 

SCOUR-VALVE 

AIR-VALVE 

0 

Figs. 16. 

STOP-VALVE 

REFLUX-VALVE 

REFLUX-VALVE 

ScALE I INcH - 8 FeeT. 

SCOUR-VALVE 

SCOUR-VALVE 

oo 

GENERAL Ann.I.NGEIIIENTS Olo' V ALVES. 

31 



32 PALMER ON COOLGARDIE WATER-SUPPLY. [Minutes of 

strength at first of not less t han 25 tons, or more than 29 tons, per 
square inch. Experience gained in the manufactm'e of the pipes, 
however, showed that steel of this quality was somewhat too hard 
for the bars, which, owing to the cold working, failed under test by 
the bursting of the jaws before the plates were ruptured. It was 
also found that when bars weighing 6-:k lbs. and 7! lbs. per linealfoot 
were used, respectively, with !-inch and {1;--inch plates, the bars 
failed before developing the full strength of the plate; consequently, 
the respective weights of the bars were increased to 7 lbs. and 8-l; lbs. 
per lineal foot, the steel in the bars being of a tensile strength of 
between 22 tons and 26 tons per square inch. From each week's 
output of pipes at the works pieces were cut and tested to destruc­
t ion. The results are given in Table XI. 

The pipes were made in Western Australia from imported plates 
and bars . Of the former, one-half were brought from Germany, 
and the balance from America; but all the bars (and the joint-1·ings) 
we1·e obtained from England. The plates, which were a trifle over 
28 feet long by 4 feet wide, were fir t passed through horizontal 
rollers, three above and three below, for the pm·pose of taking out 
all kinks and rendering the plates perfectly straight. They were 
then cut square and to the exact length of 28 feet. The planing 
and dovetailing machine next cut them to the exact width, and then 
bmred the edges by means of rollers to form the beading for the 
dovetail joint. The plates next passed through a longitudinal press 
wherein both edges were given the required curvature, thus 
avoiding any necessity for the beading or dovetail being passed 
between and damaged in the curving-roller to which the plates were 
now b1·ought, to be bent into semicircles in the usual way. On 
corn pletion of this process most of the scale bad been loosened and 
det}whed, and the plates, having been thoroughly cleansed of all 
remaining scale and rust, were ready to be formed into pipes. One 
semi-circular plate was now placed in a row of half-circular cramps, 
resting on seats, and a locking-bar was fitted over each edge. 
Another semi-circular plate was then inverted and lowered until its 
edges rested in the upper grooves of the locking-bars. The upper 
halves of the cramps were then placed over the top of the pipe and 
connected to the bottom halves, and the plates were brought firmly 
home into the grooves of the locking-bR.rs by tightening the cramps 
with cotter-pins. The pipe in its encircling cramps was then 
conveyed to a hydraulic closing-machine capable of developing a 
p1·essm·e of about 1,200 tons, wherein the locking-bars were pre sed 
on to the plates, completing the manufacture of the pipe. The 
whole of the operations were perfm·med without heating plates 
o:v bars. 
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Each pipe, before being passed, was subjected to a hydraulic 
pre sure of 400 lbs. per square inch. The closing of the locking­
bars was so effectual that only a small percentage of the pipes 
were found to sweat at the bars. These were r eturned to the 
closing-machine and re-pressed, and this was found to stop the 
sweating effectually. About fifty pipes failed altogether in the 
joint under this test. 

After being tested and passed, the pipes were coated. They 
were first heated to a temperature of 300° F. and then placed in a 
bn.th consisting of a solution of ordinary gas-tar and Trinidad 
asphalt, in the proportions already stated (p. 27), and kept at the 
boiling-point. On being lifted from the bath the pipes were allowed 
to drain for about a minute, and were then r evolved in a machine 
while a jet of cold air was forced through them, for the purpose of 
en uring that the coating should set in a uniform thickness. 
When it had cooled considerably, and just before setting, a 
sprinlding of sand was thrown over the outside of the pipe and 
gently pressed into the coating by means of rollers. 

After all initial difficulties common to new methods of manufac­
ture had been overcome, the pipes were turned out finished at the 
rate of 150 to 160 per diem from two factories, each of which 
worked two shifts of 8 hours each. 

Two points required special attention in the construction and 
use of this pipe. The first was that the jaws of the locking-bar 
should be pressed well home on to the 
plates, no caulking of the joint being per­
mitted at the manufactory. Unless this 
wa very carefully done, water would enter 
at the end and work along the pipe at B 
in Figs. 17, until some exit wa reached. 
Examination of the pipe, and slight caulk­
ing at the ends before placing in trenches, 
disposed of such cases of opening of joints 
as were caused in a comparatively light 
pipe by handling and expo ure after despatch 

Pigs. 17. 

§ 
LOCKING-BAR A ND PLATES 
BEFORE CLOS ING O F BAR 

~ 
L OCKING-B AR A ND P I.ATES 

AFT E R CI.OSING OF BAR -

from the manufactory. The second point al o related to the 
necessity for closely pressing home the locking-bar, as caulking 
Was not possible at the points marked AA : the difficulty was 
overcome by cutting or chipping away the portion AA. 

Conveying, Dist1·ibuting and Unloading Pipes.- The whole of the 
pipes had to be conveyed on the trucks of a single-line railway 
of 3-foot 6-inch gauge. Most of them were laid alongside this 
line, but tbo. e which bad to be ta.ken across conntry where the 
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pipe-line deviated from the railway were conveyed from stations or 
sidings on specially constructed carriages. The pipes bad to be 
distributed from the trains very quickly, so that the ordinary 
traffic on a fairly hard-worked railway would not be interfered with. 
The railway-wagons being each shorter than a pipe-length, two 
bogie-trucks were firmly coupled, thus giving a clear floor-length 
of 30 feet, and the pipes were placed thereon in three tiers. The 
bottom three pipes were kept in position on the trucks by means 
of chocks with removable gib-bolts, and three recessed bolst ers, 
each placed across and over the bottom tier of pipes, carried the 
second layer, also of three pipes, which, in turn, were held in 
position by means of chocks and gib-bolts similar to those used for 
the bottom tier. In the recesses of the second layer of pipes a 
third tier of two pipes was placed. A truck-load therefore 
consisted of eight pipes, and the trucks were sent forward in trains 
of eleven to thirteen. 

The unloading contingent of men, consisting of foul' gangs who, 
up to the arrival of the train, had been engaged on the excavation 
of the pipe-trench, then took charge. Each of these gangs con­
sisted of six men, including a leading hand who controlled the 
gang's operations. Each gang bad generally thl'ee trucks to 
unload, and when the train consisted of an odd number of trucks, 
the extra truck was allotted to the gang first getting to 
work. The average time occupied in unloading, from the time 
the loaded train left the siding until it returned thereto with the 
empties, was about 1 hour and 20 minutes, but the unloading was 
frequently done in less than 1 hour. During the remainder of 
the day the unloading gangs were kept at work on the excavation 
of the pipe-trench, sections of which had been left for this puTpose. 
This system worked admirably, there being considern.ble rivalry 
between the various unloading gangs, and the general railway­
traffic was not interrupted. 

Joints.-As the whole length of main is of uniform diameter, 
the possibility of using machinery in place of band-caulking of 
the lead joint was considered at an early stage. Careful trial at 
headquarters of joints caulked by hand and by a machine 
devised by a local firm, demonstrated that, whereas the machine­
made joints when subjected to hydraulic pressure attaining 400 lbs. 
per square inch remained quite water-tight, on the other hand, 
slight sweats and pin-squirts manifested themselves in the hand­
made trial joints submitted to the same test. As a 30-inch pipe of 
!-inch plate springs somewhat, even under the impact of a very 
light blow from the caulking-hammer, it is somewha.t difficult to 
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get hand-caulkers to finish a joint water-tight; moreover, in 
practice, men working in constrained positions for long hours, in 
manholes under the pipe-joints, cannot be expected to do uniformly 
good work. On the other hand, the machine caulking can be done 
by pressure applied uniformly on both sides of the joint-ring, and 
quite as uniformly on the lower as on the upper side of the pipe. 
Machine caulking was therefore decided on, with the good results 
in freedom from leakage already stated. 

The caulking-machinery consisted of a p0rtable oil-engine of the 
spontaneous-ignition type, built .in Australia, and of about 5:!! B.HP. 
The underframe of the engine also carried a dynamo which was 
belt-driven off the engine fly-wheel. The current was transmitted 
through a cable i mile in length, so that about ! mile of pipe 
could be caulked before moving the generating-plant to a fresh 
position. The cable was coiled on a drum carried on the after 

Fig. 20. 
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part of the transport also carrying the caulking-machine, and a 
plug contact was used for connecting cable and motor, so as to permit 
of unhampered coiling and uncoiling of the cable on the drum. The 
caulking-machine (Figs. 18 and 19, Plate 2) was in two halves, one 
fitting over and the other under the joints of the main, and on the 
top half of the outer frame was carried the electric motor (of 2 HP.) 
Which was belt-connected to a shaft, and by means of intermediate 
gearing worked the rims holding the caulking-tools (Fig. 20). 
These rims or racks were guided by small, hardened steel rollers, 
grooved on the outer circumferences of the racks, but plain on the 
inner circumference. Into jaws on the racks were slipped the 
caulking-tools, two in each rack, one operating on the upper half of 
the joint and the other on the lower half, i.e., on the underside of 
the pipe. 

The caulking-machine was mounted on a transport on which it 
D 2 
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was carried along the top of the pipe, from joint to joint, the lower 
half of the machine being slung on the transport side by side 
with the upper half. On arrival at a fresh joint the lower 
half was lifted off, placed over the joint, and slid round it 
to the underside ; the upper half was then lowered, and the 
two halves were fastened together, racks were clipped and the 
tools placed in position, the plug-connection between drum and 
motor was made, and the machine was started, the caulking-tools 
working round the pipe backwards and forwards until the lead 
was pressed home. The number of semi-revolutions found neces­
sary ranged from five, where the caulking-rollers were i inch 
thick, to seven where 5 -inch or 3 -inch rollers had to be used 
to meet the varying distance between the inner surface of the 
joint-ring and the outer surface of the pipe. On completion of the 
caulking these tools were replaced by knives, which cut off the 
fillet in the last semi-revolution, bringing the racks back to their 
original position, and thus permitting the machine to be dis­
mantled and moved to the next joint. When once fairly started, 
the operations were carried on without hitches, and the machinery 
of all descriptions, including motors and dynamos, worked well, 
notwithstanding that it was usually working in a cloud of dust 
due to the proximity of the trench-filling operations. 

Each installation required three men (one a mechanic) for the 
working and transport of the caulking-machine, one man for the 
engine and dynamo, and two hand-caulkers, whose special function 
was to caulk at the locking-bars, whose projections prevented the 
rollO'.L'S from working right round the pipe. In addition there were 
charges for parts of the time of mechanics and others whose duty it 
was to keep the electrical and other machinery in repair. The 
whole immediate cost of an installation per diem amounted to 
£5 ls. 4d.; and as the average day's work when the initial difficul­
ties bad been overcome was thirty-one joints, the cost per joint was 
3s. 3d., or ls. le s than band-caulked joints were actually costing. 
In addition, the saving in the average size of manhole neces ary 
was 1-£ cubic yards; and these two savings counterbalanced the 
whole cost, including the patent-rights of the machinery. There 
is no doubt that, with the experience gained, machine-caulking 
could be 1·endered cheaper than band-caulking, especially for a 
circular pipe without projections; but the object. in this case was 
to obtain uniform and certain work, and this was attained without 
extra co t. 

Excavntio1L of th e T1·ench.- Tbe stU·face formation of the country 
traver. ll is very irr gular. On the plains, irom;to11e conglomerate 
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predominates, but never extends continuously for more than a few 
chains at a stretch, being broken by bands of sand, diorite, and 
granite. In the timbered belts, sandy clay is the usual surface 
soil, but with outcrops of granite, diorite, and schist intersper sed. 
Where at all possible, the material to be taken out was loosened by 
means of ploughs, each drawn by four horses harnessed in single 
file in the line of trench, and working to any depth required ; 
but the bulk of the trench was t aken out by manual labour, and ·it 
was necessary to use explosives on more than one-fourth of the 
total material removed. Where the material could be moved 
Without the use of explosives, it was found that the most 
economical depth of trench, with due regard to cost of obtaining 
cover-material, was about 3 feet 3 inches. Where the country was 
harder, the trench was taken out to a less depth, the principle 
kept in view being that the cost of the trench, added to the cost of 
cover, should be a minimum. Occasionally, the contour of the 
ground would not admit of economical grading in combination 
wit h proper alignment for the pipes, and, in such cases, cost was 
subordinated to the more important consideration of easy align­
ment of the main. The excavation of the trench was kept well 
ahead of pipe-distribution, laying and jointing, but in order 
to provide continuous work for the gangs on these latter opera-

J tions, should any hitches occur in the arrival of materials, sections 
of trench were left unexcavated at intervals. 

L aying 'and Jointing Pipes and Filling in T1·enches.-The work was 
divided into sections of about 14 miles each, to be dealt with by 
one caulking-installation, and when the work was completed the 
whole gang went forward to the next available section. When 
the works were brought into full swing, seven such gangs were 
at work on several sections ; and, the class of work performed 
by each being identical, there was considerable r ivalry between 
the parties. Bad work, due to hast e, was prevented, however, by 
the appointment of an inspector on each section, who reported 
directly 'to the head office and was responsible only for the quality 
and not for the cost of the work, thus placing these departmental 
operations on the same footing as those of a contractor. The rate 
of prog1·ess during the last 3 months, before approaching comple­
tion caused disbanding, was, per day of 8 working-hours of seven 
gang , l J mile of laying, jointing, and complet e filling-in of 
trenches. The appliances in use by each gang consisted of two 
pipe-lowering trestles, four skids, one pipe-expander, one lead­
melter (Figs. 21 ) and retainer, and the engine and caulking-plant. 
The lead-running gave great trouble until the lead-melter · was 
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devised, after which honeycombing and other similar faults were 
prevented. 

Figs. 21. 
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The sequence of the various operations was carefully regulated. 
Foremo t were the men repairing the coating in the parts 
damaged during unloading or transportation, or where it had 
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become defective owing to exposure for considerable time to the 
intense summer heat; and in the same set were the pipe-scrapers 
and locking-bar chippers, who chipped or scraped off the coating 
at each end of a pipe for a distance of about 6 inches, to ensure 
good lead-running. Next came men cutting manholes, a little 
ahead of those laying the pipes in the trench, and following these 
came the ring-setters, who wedged up the joint-ring to such gauge 
as would give a lead joint of uniform thickness. In succession were 
the lead-runners, whose work was, when possible, kept at least forty 
or fifty joints ahead of the caulking-machine, especially in winter, 
as showery and cold weather affected the quality of the lead­
running: thus stoppage in such weather, or defective work which 
had to be remedied, did not delay the caulking-operation . 
Following on were the hand-caulkers, who caulked the joint at the 
locking-bar and for a distance of about 4 inches on each side of it. 
The best results were obtained not by allowing the hand-caulking 
to finish abruptly, but by tapering up to the uncaulked portion,; by 
this means the machine rollers were able to work by degrees well 
back on to the hand-caulked portion; with an abrupt finish of the 
hand-caulked portion the machine rollers were liable to race and 
cause breakages. This racing could of course have been avoided by 
extra care on the men's part, but at expenditure of unnecessary 
time, to save which would have entailed the danger of the rollers 
not being brought far enough along, thus leaving the joint imper­
fectly caulked at the junction of hand and machine work. After 
the hand-caulkers came the machine, and as each joint was finished 
the joint-inspector examined it; pipes were covered to ::~.depth of at 
least 12 inches as soon as the inspector had passed a joint and it had 
been tarred, so that the partial filling-in was only two or three 
joints at most behind the machine. The completion of the filling-in 
and the formation of the covering bank was always 400 yards or 
more behind the machine. 

Cha1·ging the Main.-By the 13th April, 1902, the works were 
sufliciently far advanced to enable pumping to be commenced with 
one of the engines at No. 1 station. No trouble was experienced 
in getting the engines under way; in fact, practically no bitch 
whatever occurred at any of the eight pumping-stations, and after 
once starting at any station the machinery was in condition to be 
wm·ked, and was worked, whenever desirable. By the 22nd April 
the water bad r eached the Cunderdin Reservoir, at mile 77. Four 
months now elapsed before the laying and jointi-ng of the next 
section was completed, and it wa not till the 22nd August, 1902, 
that the water reached the Merredin receiving-tank at mile 140. 
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Some little trouble was experienced in chaJ:ging this section, through 
the joints leaking, due mostly to the subsidence of the pipes laid 
across the bad ground in the bed of the Mortlock River and 
ad jacent soft country. It was through leakage of some of the 
joints on this section that what may be described as "sand cuts" were 
first experienced. They were caused by the joint action of the 
escftping water and the falling sandy covering, playing together on 
a small portion of the outer service of the pipe. This action is 
somewhat similar to that of the sand-blast, and, under favourable 
conditions, one of the thin pipes used could be cut through in 4 to 
6 hours. Fortunately, only six cases of the kind have been 
experienced so far. If discovered early, the placing of an encircling 
band on the pipe (such bands were kept in readiness) met the 
difficulty ; but if the plate of which the pipe was made bad a bole 
entirely or nearly cut through, a length of the main had to be 
emptied and the damaged pipe was replaced. To gua.rd against 
occurrences of thi nature, the upper halves of the lead joints were 
subsequently kept uncovered for some little time in country of a 
sandy nature, and where the ma.in is under a head of 300 feet or 
more. The water reached the Coolgardie service-reservoir, at mile 
328, on the 22nd December, 1902, and, finally, the Kalgoorlie 
service-reservoir, on the 16th January, 1903, about 8 months after 
the charging of the main was started. The pumping was restricted 
to an amount sufficient to fill about 12 to 15 miles of main per clay, 
and, at this rate of charging, no trouble from air-pocketing 
wa experienced, it being found that the air-valves had sufficient 
discharging-capacity to pass the volume of di placed and 
escaping air. The whole or part of the main has now been 
conveying water for nearly 2~ years without a burst having 
r esulted either in the main or in the valves or other specials : 
the only occasions on which it has been necessary to empty 
any portion of the main have been when the "sand-cuts" have 
occurred. 

IV.-TnE PUMPING-MACHINERY. 

Frictional Resistance of Pipes.- It was originally calculated that 
for a discharge of 5 million gallons per diem through 30-inch riveted 
pipes the frictional resistance per mile would be equivalent to a 
head of 4 feet, which was obtained by applying Kutter's formula 
with a coefficient of roughness of 0 · 015, a figure deduced from the 
mea.snred frictional resistance of the 48-inch riveted pipe of the 
Eftot Jersey (U.S.) Water Company. But the cha.nge to a much 
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smoother pipe allowed of a considerably reduced provision. The 
Commission of English engineers bad proposed a frictional allow­
ance of 2 · 5 feet per mile for welded pipe; but, in view of the 
class of water to be dealt with, this allowance was increased by 
20 per cent. ; and as it was further determined to increase the 
daily quantity to 5,600,000 gallons, the ultimate allowance was 
raised to 3 · 76 feet per mile. On completion of the works, two 
tests, each of 12 hours' duration, were made, one over 22 miles and 
the other over 12 miles of pipe, the results on reduction showing 
an average resistance equal to 2 · 25 feet per mile for a discharge 
of 5,000 000 gallons per diem, or 2 · 8 feet for 5,600,000 gallons. 
These results, being for clean pipes, are considerably less than the 
ultimate estimates ; and this was foreseen, for reference to Fig. 4, 
Plate 1, shows that the main was laid to an even less fall than 2i 
feet per mile, in order to save unnecessary present pumping. 

The total ultimate friction-head for the whole distance from 
the weir to the main service-reservoir at mile 307i of the 
aqueduct, calculated at 3 · 76 feet per mile, amounts to 1,156 feet, 
and the natural lift to 1,290 feet ; and the aggregate loss at 
seven pumping-stations for reservoir provision being 122 feet, 
the total bead to be provided for is 2,568 feet: but elevat ed 
ground between pumping-stations Nos. 2 and 3 made it necessary 
to raise water 87 feet higher than if the slope had been gradual, 
thus making the total bead to be pumped against 2,655 feet . 

The great advisability of keeping the machinery to uniform 
size and pattern finally determined that the pumping-stations, 
eight in number, should lprovide for a total lift, including friction, 
of 2,700 feet-or 45 feet more than was absolutely necessary 
- namely, 450 feet at the first four stations, and 225 feet at 
the last four. The waste head thus amounts to a trifle less than 
1! per cent. Moreover, in regard to the advisability of uniformity, 
it was further decided that the first four stations should be fitted 
with three groups of machinery, any two of which should be 
capable of performing the r equired work ; and that the last four 
st ations should similarly be fitted with two groups, each capable 
of lifting the full quantity per diem. The power necessary bad 
thus to be the same in every group, namely, 265 effective HP., but 
to allow for deterioration and contingencies the pumping power 
contracted for was nearly 303i HP., ·or about 14i per cent. extra. 

The requirements and provisions may be summed up thus :-

Effective horse-power necessa.ry . . . 
provided for work 

as reserve 

HP. 
3, 129 
3,642 
2,426 
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Tenders for the necessary pumping-machinery were invited in 
April, 1899, makers being permitted to submit alternatives as in 
the case of the pipes. In the result a contract was entered into 
with Messrs. James Simpson and Co., in March, 1900, for twenty 
groups of machinery at an aggregate cost of £241,750, excluding 
spares, but including erection. A detailed description of the 
machinery is outside the scope of this Paper, which, however, 
would be incomplete without the following brief account, and 
results of tests. 

Description of Machinery.-The pumping-plant consists through­
out of almost identical sets, the only difference being that in the 
first four stations the pump-plungers are 15 inches in diameter, 
working against a specified head of 450 feet, wh.ile in the second 
four stations the diameter is 21 inches and the bead 225 feet. 
The engines are horizontal, six-cylinder, high-duty, triple-expan­
sion, surface-condensing engines of the Worthington duplex, direct­
acting type, the diameters of the high-, intermediate- and low­
pressure cylinders being respectively 16 inches, 25 inches and 46 
inches, the normal stroke of the pump-plungers 36 inches, and the 
piston-speed 150 feet per minute. The pump-plungers are 
externally and centrally packed, and directly connected with the 
steam-pistons. The pump-valves are of stamped bronze. The 
steam-cylinders are jacketed throughout on beads and barrels with 
steam at boiler-pressure, and the steam is re-heated on its passage 
both from the high-pressure to the intermediate-pressure, and 
from the intermediate-pressure to the low-pressure cylinders. The 
re-heater tubes which draw their steam from the cylinder-jackets 
are placed low, thus being the means of drainage for both 
cylinders and jackets. The steam-distribution is controlled by 
Corliss valves, placed in the cylinder-heads, and the cut-off in 
all cylinders is adjustable by band while the engines are running. 
From the air-pump the condensed steam passes through an exhaust 
beater placed in the exhaust steam-main to the condenser, and is 
delivered into an elevated feed-tank in place of the ordinary bot­
well. From this tank the water gravitates to a Webster heater 
and oil-separator, where it is further heated by admixture with 
the jacket-condensation and with the exhaust from the boiler feed­
pump. From the beater the feed-water is pumped by a Wortbing­
ton feed-pump through the economizer back to the boilers. Steam 
is supplied by a nest of Babcock-Wilcox water-tube boilers, each 
designed to supply the necessary quantity for one engine, and 
having eighty-one tubes 18 feet long and 4 inches in diameter, a 
single dmm 23 feet 7 inches long and 4 feet in diameter, with a 
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superheater placed between water-tubes and drum. A Green 
economizer is provided for each installation. The chimney-stacks 
are of steel, 5 feet in diameter; those at the first two st ations are 
130 feet high, at the third and fourth stations 100 feet, and at the 
last four stations 90 feet. 

At six of the pumping-stations, reservoirs 15 to 20 feet deep 
have been provided adjacent to the machinery, to r eceive the 
discharge from the main and to furnish a store for the pumps to 
draw from ; and in order to reduce suction lift and facilitate 
pumping, the centre line of the pump-plungers has been kept 
below the top of the reservoir by about 8 feet. At stations Nos. 1 
and 3, however, special arrangements were necessary. At No. 1 
the pumps, if connected directly with the main from the large 
storage-reservoir, would have been subjected to a head of about 
100 feet when this r eservoir was full ; and at No. 3, where there is 
~ mile of main between the large reserve reservoir and the pumps, 
the latter might have suffered from an undesirable hammer. The 
difficulty was overcome at each place by the provision of a stand­
pipe open above, from which, as from a reservoir, the pumps draw. 

Figs. 22, Plate 3, show the general arrangement of the machinery 
at stations Nos. 1 to 4, and ·Figs. 23 at the remaining four. The 
stations are brick buildings with corrugated iron roofs. The 
engines and pumps rest on granite bed-stones supported by brick 
piers resting in turn on a concrete floor. The pump-ends are 
bolted down to the bed-stones, but the cylinder-ends are allowed 
to move freely on expansion-rollers. The greatest care was taken 
in the laying of the foundations, only the best available material 
being used ; and so far there has not been the slightest perceptible 
movement in the foundations of any of the twenty groups of 
machinery. The lower floors of the engine-rooms are of concrete 
rendered with cement mortar, and the upper or working floors are 
of jarrah timber resting on steel joists. The floors of the boiler­
rooms are of concrete. 

Efficiency of the Machinery.-The tests provided for by the contract 
were three, namely, (a) for the duty of the whole machinery under 
present conditions, that is, head low owing to clean pipes and new 
boilers worked to full pressure; (b) for the duty of the engines 
and pumps with steam at full pressure, but the pipes throttled 
to obtain ultimate estimated head; and (c) for the capacity 
of the pumps with the pipes throttled and the boilers worked at 
25 lbs. per square inch below present full pressure. Tests of the 
machinery of 12 hours' dtrration, at two stations to be selected by 
the engineer, were provided for, and the duty stipulated for was 
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in test (a) 135 million foot-lbs. for 160 lbs. of local coal worth 
10,000 B.Th.U. per pound, which was taken as the equivalent of 
1 cwt. of Welsh coal; in test (b) 135 million foot-lbs. per million 
British thermal units supplied to the engines and not returned 
in ordinary working to the boilers; and for (c) the full discharge 
with the terminal effective pressure of the low-pressure cylinders 
not more than 6~ lbs. per square inch, revolutions not more than 
25 per minute, and piston-speed not more than 150 feet per minute. 

The stations chosen for testing were Nos. 2 and 8, two groups 
being picked in the former and one group in the latter. Three 
separate preparatory tests were made to ascertain the slip of the 
pumps, the r esults being 0 · 6 per cent. at station No. 2, and 0 · 2 per 
cent. at station No. 8; and the r espective plunger-displacements 
per foot of travel were, a.ft er correction for slip, 7·3645 and 14·7215 
gallons. The coal in use varied slightly in quality, the calorific 
value per pound assigned at station No. 2 being 9916·7 B.Th.U. 
and at station No. 8, 10,058 B.Th.U. The values assigned to the 
combustibles found in the ash-pit were ll·637 B.Th.U. and ll·142 
B.Th.U. 

The results of the t ests were that in test (a) the duty per 1,600,000 
B .Th .U ., the assumed equivalent of 1 cwt. of Welsh coal, was 144·4 
million foot-lbs. at station No. 2, and 148 million foot-lbs . at station 
No. 8. In test (b) the engine-duty was nearly 142 million foot-lbs . 
a t station No. 2 and nearly 143 million foot-lbs. at station No. 8. 
In t est (c) the capacity of pumps per diem was found to be 6,093,000 
gallons at st ation No. 2, and 6, 177,000 at station No. 8. In each case, 
therefore, the r esults attained were well over those contracted for. 

V .-PUMPING- AND SERVICE-RESERVOIRS, RETICULATION, ETC. 

The reservoirs provided are intended for three different uses, 
namely, to act as receiving- and suction-tanks, to regulate flow 
in the main, and for service purposes. There are seven suction­
tanks, namely, one at each pumping-station except the first, t he 
pumps of which draw from the storage-reservoir at Mundaring. 
Of the seven, all but one are concrete-lined tanks, of which that 
shown in Fig. 24, Plate 3, is typical; the exception is ·the large 
10-million-gallon reservoir at mile 77, which was built some 
years previously for railway purposes and was t aken over, 
as it is large enough to furnish a substantial r eserve in case 
of accidents to the main or other works in the preceding portion 
of the scheme. The r egulating-tanks, two in number, are also 
concrete-lined and are mucl1 the same in design as, although smaller 
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than, the r eceiving- and suction-tanks. That at Baker's Hill 
(mile 24) regulates the flow at what is (allowing for friction) the 
highest point on the long and irregular section between pumping­
stations 2 and 3; and the tank at West Northam (mile 36) not only 
reduces the extreme possible pre sure on the pipes in the Avon 
valley by lOO feet, but also permits of regulation of the flow in 
such manner as to keep the pressures at a minimum in regular 
working. The service-reservoirs are three in number, namely, one 
of 1 million gallons at Coolgardie, one of 2 million gallons at 
Kalgoorlie, and the large one at Bulla Bulling . The two smaller 
r eservoirs are concrete-lined, and otherwise much the same as the 
receiving- and suction-tanks above mentioned, being also provided 
with by-passes so that in case of accident or necessary cleaning the 
working of the scheme n eed not be interrupted. 

The main distributing-reservoir at Bulla Bulling (Fig . 25, 
Plate 3), which has a capacity of 12 million gallons, with an 
available depth of 20 feet, is rectangular in shape (Figs. 26 and 
27), two of the sides having slopes of 1 to 1 for the full depth 
of the reservoir, while the other two sides are vertical fo1· a 
water depth of 8 feet from the top and then slope to the bottom 
of the reservoir. The vertical portion or wall rests on a bench 
6 feet wide, from the inner edge of which the sloping lining 
is carried down to the bottom of the r eservoir. The material 
of the reservoir-basin consists of indurated clay, ironstone con­
glomerate, and bands of limestone, the whole being badly fissured 
and pervious to water, and liable to disintegration and to slides 
due to greasy backs. The Author's experience of concrete­
lined reservoirs on the West Australian goldfields had b en such as 
to show conclusively that concrete lining, even 2 feet thick, 
would crack when exposed to the sun ; and, moreover, the 
cost of thick lining in a reservoir of this size would have been 
excessive. It was therefore determined to limit the thickness 
of lining to 12 inches and to provide joints in the concrete 
to t ake the inevitable movements due to expansion and con­
traction. 

The concrete used in lining both floors and walls was com­
posed of 5 parts of machine-broken granite, the stones being of 
a maximum size of 2 inches, 2!- parts of sand, and 1 part cement; 
all measured by bulk. What is commonly considered the only 
good class of sand was not obtainable n earer than 40 miles 
from the work, and the cost of carriage would have been heavy; 
but only 1 mile away there was found a very fine sand con­
taining 5 per cent. of clay, and 15 p r cent. of very fine 
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powdery silica, easily movable on washing. The loam, combined 

Fig. 26. 
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BULLA BULLING RESERVOIR: METHOD OF CONSTRUCTION. 

with the extreme fineness of the sand (only 2 per cent. being 
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retained on a 250-mesh sieve, and 3! per cent. on a 400-mesh) 
did not at first promi e good results, but the mortar tests proved 
very satisfactory, and in fact the briquettes made with this 
sand (Table XII.) proved stronger than those made with the 
standard sand, which was clean, coarse, and sharp; the cement 
used for both sets of briquettes was taken from the same cask. 
It is generally considered that loam or clay is always injurious 
to cement mortars, but the results obtained in this instance throw 
doubt on the point, and confirm those obtained by Professor C. 
E. Sherman,1 of the Ohio State University, which showed that in 
practically every case the substitution of loam and clay for a 
corresponding quantity of sand increased the strength of the mortar. 

The floor of the reservoir, 12 inches thick, was put down 
in two layers, the first or bottom layer being 8 inches, and 
the top layer 4 inches thick. In the centre of the bottom 
layer, a grillage of barbed 
wire, spaced 12 inches Fig. 2B. 
apart, was put in, for 
the purpose of adding 
tenacity to the con­
crete, and thus giving it 
greater power to resist 
cracking under contrac-
tion. The upper surface of P LA N 

the bottom portion of the 
floor was purposely left smooth, so as to allow the upper layer to 
slide thereon. By this arrangement, the top portion acts as a 
false floor, and any temperature cracks are not so liable to con­
tinue into and through the bottom portion as would be the case 
with the floor built in one layer. At the junction of floor and 
sides a bituminous joint, 6 inches deep by ! inch wide, is provided. 
The sides and walls are also reinforced with barbed wires running 
horizontally and placed 9 inches apart. The sides and walls were 
built in sections with a bituminous joint between each pair as 
indicated in Fig. 28. This arrangement effectually confined the 
results of contraction to the joints themselves, nearly every joint 
opening more or less at the faces, while the remainder of the 
lining remained intact. Soon after first filling, the reservoir, 
much of which was built in intense summer heat, was found to be 
leaking at the rate of 1f inch in vertical depth per diem; but 

1 "Effect of Clay and Loam on Cement Mortar." Engineerimg Ne1Vs, 1903, 
vol. l. p. 443. 
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instead of being spread in irregular cracks all over the reservoir, 
the leaks we.re confined to the lines on which the above-mentioned 
joint s occurred: they were easily located, and were effectually 
stopped by cutting out portions of the joints to a depth of 2 or 3 
inches, caulking with oakum, and facing with bitumen and tar. 

Reticulation.-The original scheme did not allow for any 
reticulation of townships for domestic purposes, or of mining­
centres, it being only intended to bring the water to some high hill 
-for instance, Mount Burgess, a few miles north of Coolgardie 
-and to lay a subsidiary main thence to such situation in each 
township or min ing-centre as the local authority should choose for 
its service-reservoir . Eventually, however, the complete reticulation 
of the townships of KaJgoorlie, Coolgardie, Boulder, and the 
Kalgoorlie Mining Belt, had to be undertaken as part of the main 
scheme, in addition to the laying of small pipes to mining-centres 
near Coolgardie and Kalgoorlie ; but one or two of the smaller 
townships, namely, Northam and Southern Cross, have installed 
their own reticulation, purchasing water in bulk from the main 
scheme, and retailing it to the ratepayers. 

A separate telephone-line for the works was laid down between 
the bead office at Perth and Kalgoodie. It is of ordinaJ:·y type, 
with one repeating station about half-way, and was extremely 
useful during construction. Connection is thus secured between 
the bead office and the pumping stations, and, by means of field­
telephones, with the maintenance-gangers. 

VI.-Cos•r OF TilE WORKS. 

The actual cost, including all extras, contingencies, and estab­
lishment charges, was £2,660,000, an excess of £225,000, or 9f- per 
cent., on the original estimate, after deducting from the latter 
£65,000 for works which were allowed for therein, but were 
not carried out. This can hardly be considered a large excess 
when it is remembered that the original estimate was based 
on tentative data prior to survey ; but as a matter of fact, almost 
the whole of the excess is accounted for by one item alone, namely, 
pumping-plant, partly due to somewhat more water having to be 
pumped, partly to the provision of more reserve power for accidents, 
and largely to enhanced cost per horse-power. Low-duty engines 
were originally allowed for at an estimated cost of £22 per horse­
po·wer, while the actual cost of the plant installed was nearly £48 
per horse-power, including Federal customs duty, spares, etc. So 
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long as the consumption of water r emains much below the ult imate 
amount allowed for, and so long as cheap local fuel (firewood) 
remains available, the high-duty plant will not prove as economical 
as the low-duty and cheaper plant would have been; but the con­
ditions will be different when the full con umption is r eached, and 
utilization of the more cost ly fuel becomes necessal'J. 

The total expenditure of £2,660,000 was sub-divided as 
follows:-

Storage-reservoir, including 5 miles of railway-line, land-compen­
sation and river-training works (capacity of reservoir being 
4,600 million gallons, the cost is £61 per million gallons of 
storage) . 

Service- and brea-k-pressure reser voirs of a total capacity of 
16 million gallons (£3/t per 1,000 gallons) . 

Conduit 352 miles long, including all valves and specials (£ 5,312 
per mile) . . . . . - . . - . . · · . · . 

Pumping machinery, including erection, freight, Federal customs 
duty and spares (nearly £48 per horse-power) . . . . . . 

Pumping-stations, exclusive of machinery but including Lbe build­
ings, employees' quarters, suction tank , railway-sidings, coal­
staithes and stores (£23 per horse-power) 

Telephone-line and other contingencies . 

280,000 

60,000 

1,870,000 

290 ,000 

140,000 
20,000 

£ 2,660, 000 

On the death of Mr. O'Connor, in March, 1902, the Author 
succeeded him as Chief Engineer, when about one-half of the works 
had been constructed. The progress was largely governed by the 
necessity for t esting the long lengths of main between the various 
pumping-stations as soon as possible, and al o by the rate at which 
the valves and specials could be obtained from England. 

In conclusion the Author wishes to express his obligation to 
Mr. William Coates Reynoldson for much as istance rendered. Mr . 
Reynoldson was the Author's principal as istant on the scheme, and 
is now in charge of the works as Engineer to the Trust which 
Was constituted by an Act of the West Australian P arliament for 
maintenance and management of the works. 

The Paper is accompanied by ninety-one sheets of drawing , 
from which the illustrations in Plates l, 2 and 3, and in the t ext, 
have been prepared ; al o by an. Appendix from which the 
following Tables have been selected. 

[APPENDIX. 

[TllE I 'S'f . C.E. VOL . CLXII. J E 
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APPENDIX. 

TABLE I.-DISCHARGES OF CATCHMENT-BASIN OF HELENA RIVER AND OF 

OTHER STREAMS. 

Helena River. Canning River 
at Site of Spencer's 

Year. Between Weir Between Proposed Brook. 
Above Weir. and Station B. Stations A and Reservoir. Catchment 1lr 

Catc!1ment 569 Catchment 282 Sctuare :I.Jile. 
Square Miles. Catchment 50 ll. Catchment Square Miles. Square Miles. 10 Sq uru·e Miles. - ----

Million Gallons. Million Gallons. Million Gallons. Million Gallons. Million Gallons. 
1898 3,802 No record No record 3,633 2 28~ 

1899 1,857 1,654 339 No record 19 

1900 9,588 5,408 1,210 
" 

217i 

1901 1,403 2,615 597 2,014 6t 

1902 1 306 845 418 705 !J 

1 To end of October only. 
2 Reservoir overflowed 9 September, 1898, and 28 July, 1900, and the water 

that went to waste is not included in the above figures. 

TABLE !I. -DISCHARGE OF S'l'REAMS EN'£ERING l\1UNDARING RESERVOffi 

1 JANUARY, 1903, '£0 16 AUGUS'r, 1903. 

Total Catch-
mentof Group 

Name of Streams. Area of of Quick- and Dischlu-ge. Total Discharge 
Catchment. Slow-shed- of each Group. 

ding Catch-
ments. 

Square lliiles. Square Miles. Gallons. Gallons. 
Creek A . 7·0 .. 62,271 ,ooo 
Pickering Creek . 10·0 .. 68,046,000 

Rushy Creek 18·2 35 ·2 166,277,000 24.6,594, 000 

Darkin River 260 ·0 .. 234,924.,000 
Helena above j~nc.tio~} 270 ·0 530·0 275,755,000 510,679,000 of Darkin . 

Falling direct into reser-} 
voir and on balance of 4•0 
catchments . . . 

4•0 53,4.60,000 53,4.60,000 
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TABLE III.-HAINFALL A'r PERTH GARDENS, MUNDARINO AND YORK . 

Year. Perth Mundaring. York. Year. Perth Mundaring. York. Gardens. Gardens. - Inches. Inches. Inches. Inches. Inches. Inches. 

1 76 28·73{ 
No No 1889 39 · 96 [No record 19·99 

r ecord r ecord 1890 46·73 
" 

22 ·97 
1877 20·48 " 

13 · 90 1891 30· 33 
" 

15·19 
187 39 · 72 

" 
19· 80 1892 31·23 

" 
13· 66 

1879 41•34 
" 

12·50 1893 40·12 49 ·75 23•31 
1 so 31·79 " 

18·57 1894 23 ·72 29 ·46 10·99 
18 1 24·78 " 

14• 85 1895 33 ·01 44 ·24 16 ·18 
1882 35·68 " 

19· 48 1896 31 •50 37 · 65 15 · 83 
1883 39 ·65 

" 
23·96 1 97 27·25 35 ·78 13· 29 

1884 31·96 
" 

19 ·17 1 98 32·04 43·50 16 ·94 
18 5 33 · 44 

" 
22· 19 1899 31 ·96 37·50 16 ·84 

1 6 28 ·90 
" 

14 ·18 1900 36 ·25 45 ·58 21·10 
1887 37·52 " 

16 ·79 1901 35 ·84 35 ·76 }3·16 
1888 27·83 

" 
13 ·66 1 1902 26·73 26·45 10·66 

1 To end of October. 

TABLE IV. -EvAPORATION AT PERTH OnsEUVATOHY, AND AT 

JlfUNDARINO HESERVOIR . 

July, 1901, to June, 1902. 

l. 2 3 I 4 ., 
Fall of Water-Level Reservoir. 

Evaporation at 
liionth. Perth 

Observatory. Per :ilfonth. Per Day. - ------- ------
Inches. Inches. I nches. 

July, 1901 . 2 · 06 1 · 73 0 ·0558 
August, 1901 1· 75 1• 47 0•0474 
September, 1901 3•20 2 ·69 0·0896 
October, 1901 . 5 •51 4 ·62 0•1493 
November, 1901 7·69 6 ·45 0• 2150 
December, 1901 9 •47 7·95 0•2564 
J anuary, 1902 . 10· 22 8·58 0·2767 
February, 1902 8 ·35-35 · 73 7·01 0•2503 
March, 1902 . 8 ·26 6 ·93 0·2235 
April, 1902 . 5·21 4•37 0 ·1456 
May, 1902 . 2·27 1·90 0 ·0613 
June, 1902 . 1· 80 1 · 51 0•0503 

-------
Totals and averages 65·79 55·21 .. 

-
NOTl~ .-The figures in column 2 were furnished by the Go\7 ernment Astr ono­

~er as being t he loss per diem in P erth. The total of figures in column 3 for 
e 4 months from 1 ovember, 1901, t 28 l<ebruary, 1902, was obtained by 

observation A.t MundA.ring .. Weir as 2 feet 6 inches, and t he figures for each month, 
~hown in columus 3 and 4, were calculated therefrom at the proportion obtained 
rom column 2. 

J<: 2 
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TABLE V . -ANALYSES OF 'VATER, FEBRUARY, 1903. 

P arts per 100,000. 

An1monia. Oxygen Nitrogen 
-- absorbed in as 

Free. Albuminoid. 4 Hours. Nitrates. 

Coolgardie Reservoir 0 · 008 0 · 0375 0·228 0 · 016 
Mundaring Reservoir : foot of dam 0·014 0·06 0•171 0·0066 
Mouth of No. 1 Creek, south side . 0·012 0 ·064 0·15 0 ·012 
Centre of reservoir opposite 

Creek ~0. ~} 0·012 0 · 072 0·135 0·011 

Centre of reservoir 
above dam 

1,000 y~rd~} 0•01 o·o86 0 ·121 0 · 0092 

TABLE VI. -ANALYSES OF WATER, MAY, 1903. 

Parts per 100,000. Grains per Gallon. 

Locality. I I Oxygen IIardness 
Free Nitrogen Degrees. Albuminoid absorbed Total Chlorine. Amtuonia.

1 

Ammouia. iu as Solids. 
4Hours. Nitrates. 

---
*Helena Weir 0·004 0 ·040 0·190 0 · 0145 27 ·49 9•94 7 · 0 

No. 2 Tank 0·006 0·040 0•184 0•0131 27·35 9•94 7·5 

Baker's Hill 0 •012 0·026 0•171 0·0132 30·29 10 •22 7·0 

W . Northam 0 •012 0•026 0•148 0• 0131 26· 18 10·08 7·5 

*Cunder~in Re-} 0 · 014 0•025 0 ·166 0 •0165 24•64 10 · 22 7·5 
servon~ . . 

*No. 4 Tank 0 •012 0•026 0·129 0•0130 23•94 10·22 7·5 

" 5 " 
0·006 o · 02,1 0·117 0·0198 24·39 10 · 36 8 · 0 

* 6 0·010 0·024 0 ·113 0 · 0180 25· 14 10 · 22 8·o " " 

" 7 
" 

o · 015 0·020 0·166 0 · 0264 25·99 19 · 36 8 · 0 

* 8 0·008 0·016 0·138 0·0210 24·88 10•22 8 · 0 " " 
Bulla Bulling • 0 ·012 0•020 0•144 0·0105 23·94 10 · 22 8·0 

*Coolgar?le Re-} 
servou· . . 0·012 0·024 0·162 0·0158 23·27 10 ·22 8·0 

*K•1lgoo,:lic Re-} 
servou· . . O·OO<i 0·020 0·159 0•0165 22 · 96 10·36 8·0 
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TABLE VII.-ANALYSES OF 'VA'rEH , OCTOBER, 1903. 

Parts per 100,000. Grains 
per 

Gallon. Hardness Locality. Oxygen Nitrogen --- Degrees. Free Albuminoid absorbed 
Ammonia. Am1nonin.. in I Nit~!tes. Chlorine. 

4 Hours. 
--------------------

Mundaring Reservoir 0 ·002 0·028 0·1 0 •0085 10·5 6 ·5 

No. 2 Receiving-tank . 0·001 0•03 0·1 0·0066 ll·1 7·0 
Baker's Hill Regulating-} 0•006 0 ·03 0·09 o·oo8 13 · 9 8 ·0 tank . . . . . 
We~t Northam Regula-} 0·008 0 · 028 0·7 0·009 14·0 8 ·o tmg-tank . . . . 

0·015 0·034 0·21 0 ·06 6·5 Cunderdin Reservoir . 10 · 9 

No. 4 Receiving-tank 0·002 0·03 o·o8 0·0066 13·6 7·5 

" 5 " " 
0 ·003 0·034 0· 23 0·005 6·3 3·5 

" 6 " " 
o·o1 0·034 0 ·16 O·Oll 10· 3 6·0 

" 7 " " 
0 ·004 0 ·03 0·07 0·01 14 •0 7·5 

" 8 " " 
0•002 0 ·036 0·26 0·033 6·4 3·5 

Bulla Bulling Reservoir 0·002 0· 032 0·21 0 ·0066 7·5 4 •0 

Coolgardie Reservoir 0·015 0•044 0·307 0 •006 5·5 3·0 
Kalgoorlie Reservoir 0•018 o·o3 0• 3 0 · 016 6 ·0 3·0 

TA.BLE VIII.-ANALYSEs o~· WATEH, DECEli!BER, 1903. 

Parts per 100,000. Grains 
per 

Gallon. Hardness Locality. Oxygen 
Free Albuminoid absorlled itrogen --- Degrees. 

A1nmouia. Ammonia. in as Chlorine. 
4 Hours. Nitrates. - ---- - ·--

l\fundaring Reservoir . 0·010 0•025 0•320 0·020 6·2 4• 0 
Relena R iver, near By-} o·oo3 0•009 0·176 o·oo7 28·41 10·0 fields Weir, No. 5 . 
Pickering Brook W eir,} 0·003 0·008 0• 032 0•0066 10 ·39 3·5 No. 2 . .. · 
Rushy Creek Weir, o. 3 0 ·008 0•017 0·104 o·oo4 24·95 8·o 
Darkin River Weir,} 0•004 o·on 0· 224 0·004 7·62 3·5 No . 4 ... . 
Cunderdin Reservoir . 0·005 0•018 0·233 0·017 7· 39 3 · 5 
No. 6 Receiving-tank. 0·010 0·0080 0·178 0·0017 6·20 6·0 
Toorak Reservoir 0·008 0•025 0•167 0·02 7·62 3· 5 

Bulla Bulling Reservoir o ·oo9 0·024 0·207 0• 21 7·62 3 5 
E:algoorlie Reservoir 0·008 o·on 0•173 0 ·22 8 ·54 3 ·5 
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TABLE IX.-ANALYSES OP CEMENT. 

Composition of Cement. 

Origin of Cement. Imn and 
Sulphuric I Carbonic ilica Aluminia Lime Magnesia Moisture 

Si Oz. Fe"Os CaO. MgO. Anhydride(nhydride D zO. 
AI:;Os. i:lOs. COz. 

--------
Per Cent. PerCent. PerCent. PerCent. Per Cent. Per Cent. PerCent. 

German cement 23·61 9 ·21 64·27 0•94 0·96 0•41 0·48 

" " 
23·90 9·50 63·62 0· 90 1•15 0·38 0·36 

English cement 25•11 11 ·39 60 ·81 0 ·84 0·76 0·60 0 ·34 

" " 
25·23 11 · 97 60·17 1•02 1•15 0·40 0·22 

" " 
24 ·30 12·10 61 ·32 0•94 0·81 0·51 0·22 

" " 
24•14 11•94 61 •44 0·83 0•83 0•45 0•24 

" " 
24·11 12•01 61•10 0·99 0 ·98 0·46 0·30 

" " 
23 ·71 11·61 62•05 0·87 1 •14 0·52 0·39 

" " 23·05 13·35 60 ·02 0· 68 1•56 0·40 0·23 

" " 24•11 i2·5o 61·20 1•00 0·90 0· 37 0·22 

TABLE X . - T ES'i'S OF TENSILE STRENGTH OF CEMENT. 

Tensile Strength per Square Inch. 

Number 
of Days 
Slaked. 

Neat Cement. 3 Sand and 1 Cement. 

7 Days. 28Dnys 3Months 6 Monthsl_l Year. 7 Days 28 Days. 6ll1onths 9 ~fonths 
---- -- ----------

Lhs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. Lbs . 
Coli. Rot 

0 6 7 571 759 906 9 6 1,011 162 206 
6 688 792 783 .. .. .. 177 207 
8 .. .. .. 780 942 1,008 
9 .. .. 800 

!'"""''"' 
254 (a) 320 .. 567 801 794 790 .. .. 322 323 
252 (b) 319 .. 527 676 805 847 

(et) and (b).-'l'he s!>tking was effected respectively un ler conditions (2) and (3) 
outlined in the Paper (p. 19). 



Proceedings. ] PAL!I'lER ON COOLGARDIE WATER-SUPPLY. 55 

TABLE XL-ANALYSES OF SOILS ALONG ROUTE 01' JI'[AL."'. 

e;..; Loss on Car-_ ., 
Ignition Total Sodium bonic <>o.o Humic EE Place. Reaction. i\IoisttU"e. =Total Soluble Chloride Anhy- Acids. " " Organic Matter. •NaCl. dride m:;.; 
Matter. COz. -- ---------------

Per Per Per Per Per Per 
Cent. Cent. Cent. Cent. Cent. Cent. 

1 Hines Hill (sur- ( 
Made Scpternbcr, 1898. 

face) . . . J Alkaline 4•75 5·3 0 ·45 0·05 0 ·16 0 ·2 
2 Hines Hill (3 feet} 13·86 15•205 0·25 0·37 0 ·29 0· 1 below surface) " 
3 Southern Cross} 10· 36 8•9 0·212 0•14 3·85 0·56 (surface) . . " 
4 Southern Cross} 

(3 feet below 
" 

10•39 15·901 0·725 0·7 14·6 Nil 
surface) . . 

5 Boorabbin (sur- Acid } 2 •948 4·5 0•235 0 · 065 0•93 0 ·36 face) (faint) 
6 Boora.bbin (3 feet Acid } 3·08 4•410 0•188 0·03 Nil 0•04 below sw·face) (faint) 
7 Coolgardie (sw·- Acid 1·58 6·97 0•24 0 ·04 0·12 0·16 face) 
8 Co olgardi e (3 f 

feet below sw·-
" 

2·248 6·47 0·06 0•03 0·15 0·16 
face) . . . 

9 Y ellowdine (sur-} 1•78 4·36 0•55 0•07 0 ·153 0·43 face) . . . " 
10 Y el!owdine (3} 

feet below sur- Alkaline 8 ·62 3·77 1·9 0·04 2·05 0·038 
face) . . . 

Made Decembe?', 1 98 . 
11 Yellowdine Salt} 3·9 5 ·27 4·076 3·6 0·59 0· 16 Lake (surface) " 
12 Yellowdine Salt} 

Lake (3 feet 
" 

3•82 5·024 4· 97 4'3 0•169 0•12 
below surface) 

13 W. Cunderdin} 
Clay Pan (sur- " 

0•352 2·20 0·278 0·09 0•44 0·36 
face) . . . 

14 W. C"odonlio) 
Clay Pan (3 5·056 7·972 0·805 0·6 0•62 0 ·028 
feet below sur- " 
face) . . . 

15 E. Cunderdin} 
Sand Plain " 1 ·9 2·244 2·45 o·o8 2·56 0·38 
(sw·face) . . 

16 
E. c""•"..,'") Sand Plain (3 

" 
12 ·23 7·422 2·57 0·05 0·467 0•39 

feet below sur-
face) . . . 

"OTE.-llioistw·e e timated on soils as received. Other estimations made 
on water-free samples. 
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TABLE XI!.-TES'fS OF SPECIMEN PIECES OF L OCKING-BAR PIPES. 

Number of Pieces Average "Breaking-Stress of 
Number of Thickness Weight of that Failed. Plate of Pieces which Failed. 

Pieces of Metal Locking-
Tested. in Pipe. l:lar per 

Lineal .F'oot. In the In the In the 
Locking-Bar Plate. Locking-Bar. In the Plate. 
-----

Inches. Lbs. Tons per Tons per 
Sq. Inch. Sq . Inch. 

124 i 6~ 90 34 19•3 26 ·0 

130 ~ 7 47 83 22 ·6 26 · 3 4 

3 i 7!1 .. 3 .. 26 · 8 

30 r'rr 8t 9 21 23·8 25•7 

TABLE XIIL-TEs·rs oF BRIQUETTES ~IADE FROM ST,\ 'DARD SAND AND FllOM 

SAKD usED FOR BuLLA BuLLING H.EsEnvom CoNcRETE. 

(3 Sand to 1 Cement). 

Breaking-Stress per Square Inch. 
--

7 Dnys. 28 Days. 3 Jlfonths. 6 Jlfonths. l Year. 
----------------

Llls. Lbs. Llls. Llls. Lbs. 
Sand, as u eel in reservoir,} 

containing 5 per cent. 2.J.O 336 410 466 522 
loam . . . . . . 

Clean standard sand 158 257 312 377 388 
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Discussion. 

The PRESIDEN'r moved .a cordial vote of thanks to the Author for The President. 

his Paper. 
Mr. J. CARRUTHERS ob!,erved that the Paper was so complete that Mr.Carruthcrs. 

little could be added to it. The most striking point about the 
undertaking was the great courage of Sir John Forrest and his 
Government, in undertaking so une:xampled a work; especially 
when it was considered that in Western Australia, as in nearly all 
the Colonies, and even nearer home, things proposed by the Govern-
ment were made into political questions, and were attacked with 
great vigour by the Opposition. The proposal to pump water for 
350 miles naturally offered an excellent opportunity for such 
attack, and of it full advantage had been taken. Not only had the 
scheme been criticized as a whole, and the advisability of carrying 
it out been questioned, but throughout the whole construction of 
the work the closest watch had been kept for any opportunity 
of attack upon the methods of carrying it out. When it was 
remembered that, in spite of all this, practically no fault could be 
f01.md with the execution of the work from beginning to end, he 
thought there was good evidence that it had been carried out with 
great care and skill. The principal credit for that must be 
given to the Chief Engineer, the late Mr. C. Y. O'Connor. But 
the ablest chief could do little unless he was well supported; and 
the careful and skilful manner in which all the details of the work 
had been designed and carried out by those in the Colony reflected 
the utmost credit not only on Mr. O'Connor and on his successor, 
the Author, but on every officer of the Public Works Department 
of the State. Mr. O'Connor's estimates and proposals were referred 
to a Commission, consisting of Mr. Deacon, Professor Unwin, and 
Mr. Carruthers. Mr. Mephan Ferguson's invention of the locking-
bar pipe was then in quite an experimental stage, as only a few 
short pipes had been produced by his method, and those had been 
made by hand. It was uncertain whether the machinery could be 
made for manufacturing pipes on a commercial scale as well as 
they were made by hand; and the Commission, while recom-
mending the Government to approach the inventor with a view 
to experimenting in that direction, assumed in the meantime 
that riveted pipes would be used . On account of the great length 
of the line and the enormous number of rivets that would be 
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Mr.Carruthers. required, there was every expectation of a great deal of leakage, 
and the Commission recommended that the pipes hould be laid on 
the surface, so that the leaks could be seen and caulked as they 
occurred. That of course necessitated the use of expansion-joints, 
and some experiments were made to find a good joint for the 
purpose. One, made of full size and thoroughly tested at Messrs. 
Piggott's works in Birmingham, would have been quite satisfactory; 
but in the meantime Mr. Ferguson bad actually completed the 
machinery, and had made pipes on a commercial scale with en­
tire success. The pipes proved to be excellent, and their use so 
largely reduced the risk of leakage that he recommended Mr. 
O'Oonnor to put the pipes underground, except across the Salt 
Lakes; and-whether acting on that advice or on Mr. O'Connor's 
own initiative-that had been done. The cost of the pumping 
machinery bad greatly exceeded the original estimate. His original 
estimate was a rough calculation of the cost of ordinary low-duty 
pumps; but when he received instructions to prepare specifica­
tions he was informed that the fuel would be coal, and that it 
would cost 32s. per ton. That put low-duty machinery quite out of 
court, and the specifications were drawn with the view of getting 
a very high duty. About that time there was a ru b of work in the 
mechanical world, so much so that not a ton of the 70,000 tons of 
steel plates required for the pipes could be obtained in England. He 
visited the principal pump-makers on the Continent, and found they 
were so busy that many of them declined to tender, as they could 
not undertake delivery within a reasonable time. He then went to 
America, and found half-a-dozen makers who were eager to secure 
the contract. But they entered into a combine, with the usual result 
of raising the price. The English makers were not influenced 
towards low prices by the fact that there was a combine in America, 
and that the German hops were all full, and their prices also rose. 
Only one English firm, Messrs. James Simpson and Company, 
would tender for the whole of the machinery: two or three other 
fu·ms tendered for one-half, but not one of them would guarantee 
anything like the duty that Messrs. Simpson offered; and with 
coal at 32s. per ton he looked upon the high duty as being very 
important, and recommended the Government rather to pay more 
for high-duty engines tba.n to take low-duty engines at a lower 
price. The duty actually obtained, 143 million foot-lbs. per 
1 million B.Tb.U., was so good, that be thought a more detailed 
account of bow the tests had been made would be extremely 
intel'esting. In America, Messrs. Snow and Company, of Buffalo, 
bad made for the Indianapolis Water Works Company a thl'ee-
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crank, triple-expansion engine, which had given a duty of 150 Mr.Carruthers. 
million foot-lb . That result had been received with a good deal 
of scepticism all over America, although Mr. Carruthers believed 
it was correct, for the tests had been made by a very able experi-
menter. At the same time, the result obtained by Messl's. Simpson 
was certainly a record for engines of the duplex class. 

Professor W. C. UNWIN congratulated the Author on the success- Prof. Umvin. 

ful completion of some very remarkable and large works. It was 
certainly a novelty to pump water not only to a considerable 
elevation, but through a pipe-line 350 miles in length. He had 
recently had a letter from his friend Mr. Clemens Herschel of 
New York, who mentioned that he believed eight Venturi meters 
were placed on the eight sections of pipe-line, and thought that 
ought to be mentioned in the P aper . It would be interesting 
to know whether much use was made of those meters, and 
whether they had proved serviceable in measuring the quantities 
of water. No doubt the Venturi meter was a very useful means 
of detflrmining the flow through a main. When the entire scheme 
came before the Commission in London it was said that the whole 
of the soil through which the pipe-line would run was impregnated 
with salt, and that it was almo t impossible to place a thin steel 
pipe under the sm·face soil without incuning the risk of extra-
ordinarily mpid corrosion. The danger was thought at the time 
to be so considerable that with great reluctance the Commission 
were driven to the conclusion that it would be better to recommend 
the placing of the pipe-line above ground. A secondary reason 
for that course was that they did at that time consider that a good 
deal of the pipe-line would be of riveted work. From what he had 
seen in America he recognized that in relatively thin steel riveted 
pipes the occurrence of a large number of very small leaks-incon-
iderable in themselves, but very troublesome in their aggregate 

effect-was probable, and that in such a length of main they would 
be a serious evil. By placing the pipes above ground, small leaks at 
the rivets and seams could be dealt with without digging to find 
them and incurring considerable expense. Apparently, after the 
Commission had reported, the scare about salt in the soil sub­
sided, and it was eventually rightly decided to place the pipes 
underground. At the same time, the Commission, he thought, 
did work out a plan on which an overground line of pipes 
would have been quite successful. In a climate like that of 
Austmlia, the que tion of expansion became serious for an over­
ground line of pipes; but he thought that, after a good deal 
of testing and examination, they had found a perfectly sue-
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Prof. Umvin. cessful form of expansion-joint. As to increasing the thickness 
of the pipes beyond what the Commission recommended, it should 
be borne in mind that although it was quite right to do that with 
pipes under ground, it would not have been so necessary if the 
pipes had been above ground. The Commission ·anticipated that 
there would be means of absolutely preventing any external 
corrosion of overground pipes. On the question of corrosion he 
might mention that thin steel pipes made with the locking-bar 
were being used on the gas-mains for the Mond gas-plant at 
Dudley Port, where an expedient had been adopted which seemed 
to be exceedingly good. The pipe was first dipped in a phalt; 
before the asphalt was quite dry a strip of canvas was wrapped 
over the whole length of the pipe ; and then the pipe was dipped a 
second time. It was not expensive, and it was an excellent way 
of securing an adequate permanent protecti~e covering to the pipe, 
not likely to be chipped, or broken, or cracked . When the Com­
mittee sat, a few specimens of the locking-bar pipes made by hand 
were before them, some of which were tested for strength ; and 
four out of five of the pipes broke in the solid plate and not at the 
joint. The Committee spoke exceedingly well of them in their 
Report, but there was no evidence at the time that their manufac­
ture on a large scale was possible. He was very glad that through 
the skill of Mr. Ferguson the difficulties of manufacture had been 
quite overcome. The pipes were manufactured with the greatest 
ease and were exceedingly satisfactory. They were smoother for 
the purpose than riveted pipes, and much stronger. As far as 
strength went, they were as good as welded pipes ; and in fact 
there were some difficulties about welded pipes which were 
altogether avoided with locking-bar pipes. With regard to the 
use of Kutter's formula with a coefficient of roughness of 0 · 015 
in determining the resistance of the mains, in the first place, for 
many years past there had been a strong tendency among some 
engineers to have recourse to K utter's formula, which was purely 
empirical and very complicated. It had no satisfactory basis, 
even for the case of rivers and canals, for which it had been 
devised. It was now known that to a certain extent the form of 
the equation had been determined in order that it might be made 
to fit certain experiments on the very large stream of the Missis­
sippi, with very low velocities, which would not fit in well with 
any other formula. But it was also now known that there was 

· strong reason to doubt the accuracy of those experiments on the 
Mis issippi; and therefore the one thing that determined the form 
of the equation was unsati factory. Even in the case of canals and 
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rivers, the testing of the formula, in comparison with others Prof. Unwin. 
derived from river- and canal-measru·ements in Germany, bad not 
shown that it bad any particular advantage over much impler 
formulas. Looking to the fact that in using it a coefficient of 
roughness bad always to be assumed, which bad a great- influence 
over the results given by the formula, it appeared to him to have 
no advantage over simpler equations in which there were various 
coefficients which must be selected- coefficients which did not 
vary so much, and in regard to which there were much better 
data. Again, the coefficient 0 · 015 had been taken from the ex-
periments of Mr. Rerschel on a 48-incb main in the State of New 
Jersey. He believed those experiments bad been made, with the 
greatest possible care, with Ventmi meters which be entirely 
trusted ; but the results were so anomalous ~ that he did not think 
they formed a good basis for proceeding in any question of that 
kind. Mr. Herschel laid the blame on the theory of hydraulics ; 
but it seemed to Professor Unwin that it was not the theory of 
hydraulics which was at fault when, in the same main, at no great 
intervals of time, the flow proved to be widely different. On 
going into the question in America he had come to the conclusion 
that there must be in that main some cause of variation of the 
flow which was not properly understood. Mr. Herscbel attributed 
it largely to increasing roughness of the mftin with lapse of time; 
but Professor Unwin could not conceive such increa e of rough-
ness, in the short period covered by those experiment , as would 
account for the variations of flow actually found . His own con-
viction was that there must be at times obstruction in the main, 
either from accumulation of air, or from growths or deposits which 
had not been di covered. 

Dr. GEORGE F. DEACON remarked that, as a member of the British Dr. Deacon. 
Engineering Commission appointed to report upon the subject in 
January, 1897, be had some knowledge of the remarkable w01·k 
described in the Paper. The position of the reservoir was exactly 
the rever e of that of all reservoirs in England, and of most 
re ervoirs in other parts of the wol'ld. While it was an impounding­
reservoir, it was situated at the bottom of the distributing system 
instead of at the top. The catchment-area to that reservoir 
was no less than 364,160 acres. The Table on p. 10, taken in con­
junction with Table Ill. of the Appendix, was astonishing to the 
English hydraulic engineer, as would be shown by a simple com­
parison with the basin of the Thames. Taking the minimum 
year-because that wa the year with which hydraulic engineers 
were most concerned-the Thames rainfall wa 21 inches and the 
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Dr. Deacon. Helena River rainfall 19 · 3 inches, while the discharge in the former 
case was 4 · 37 inches and in the latter case 0 · 38 inch. In other 
words, the Thames area discharged in the minimum year 20 per 
cent. of its rainfall and the Coolgardie area 0 · 2 per cent. That 
was certainly a striking difference; and the hydraulic engineer 
accustomed to discharges in t emperate climates had much to learn 
before he attempt ed to deal with discharges in such a r egion as 
Coolgardie. He failed to understand the observation that it had not 
been considered advisable t o raise the reservoir-wall becau e the 
diagram of capacities (Fig. 5) showed that the limit of economy of 
the site had already been reached. It seemed to him that the 
diagram of capacity showed precisely the opposite. If the curve were 
extended to show another 10 feet depth of water, the reservoir would 
apparently contain 40 per cent. more water. The r emark might 
have been intended to refer to the drainage-area and to the diffi­
culties of obtaining more water, and in this case it might have been 
true; but as they stood the words were open to misapprehension. 
The bacterial action going on in iron pipes was a subject in which 
he had t aken considerable interest. It was suggested in the Paper 
that the anaerobic action in the storage-reservoir at Coolgardie 
had produced a marked improvement on the quality of the water. 
He was unable to speak from experience of an aqueduct 350 miles 
in length, but in the case of an aqueduct 60 or 70 miles long he could 
say that it was not the anaerobic action but the aerobic action which 
had an important effect. It was a mistake to suppose that bacteria 
could not get enough air for all their purposes in a very long pipe. 
Although the aerobic microbes fell off towards the end of 70 miles, 
there was still enough oxygen to support great multitudes. That 
was quite obvious, and he hoped the Author would state whether, 
and to what extent, anaerobic action had been hown to occur. 
He would draw att ention to the Author's observations upon the 
smooth surface for the passage of the overflow water down the face 
of the dam, and to the fact that the water clung perfectly to the 
whole wall-face while descending. The idea of the P aper seemed 
to be that it was desirable, when the water had once passed the 
crest of the weir, to get it to the bottom of the dam as quickly as 
possible. It seemed to him that precisely the opposite was the 
proper course-that the water ought to be kept in the air as long 
as possible, and be broken up and turned into spray by contact with 
the roughest possible masonry, in order that its harmful energy 
should be reduced as far as possible. The dam being lOO feet high, 
the velocity at the bottom of the steep smooth slope must be very 
considerable. In his ovvn practice he had endeavoured to reduce 
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the velocity of the water as much as possible, not by means of Dr. Deacon. 
dressed sills or ledges, but simply by leaving the stones as rough 
as possible. Thus, at the Vyrnwy dam, for which very large stones, 
weighing sometimes as much as 10 tons, bad been ava-ilable, the 
projection of the rock surface beyond the draft-line often exceeded 
1 foot. There, even in the greatest flood, the water never reached the 
bottom at high velocity; the impression created, on the eye at any 
rate, was that there was no such thing as solid water at the 
bottom: it was perfectly white spray, which spread out from the 
dam over the pool below-the water-cushion as it was commonly 
called-the whole surface of which was distUI"bed by the falling 
of the water and entangled air for 50 or 60 feet from the base of 
the dam. That seemed to him to be the proper course, and .he 
had adopted it in .other cases. He did not know whether the 
Author had any particular reason for not showing the sections of 
the dam to a larger scale, but it seemed desirable that the 
Paper should show the exact section at the weakest place, to such 
a scale that it could be measUI"ed.1 He observed that the sectional 
area of th~ base of the dam below ground was much greater than 
that of the dam above ground, and also that puddle had been used 
in the face of the dam against the foundation. Puddle implied 
clay, and if there was clay there must have been earth ; therefore 
he asked why an earthen dam should not have been constructed. 
B:e had just finished an earthen dam 108 feet high, across a valley 
whose general dimensions were not unlike those of the Helena 
River site, and the cost of that earthen dam must have been very 
much less than the cost of the concrete dam. There were 
numerous examples of quite permanent earthen dams of the same 
kind, up to about 120 feet in height. In such a work the structUI"e 
below ground-merely a puddle trench-was comparatively insig-
nificant in cost, but in every respect as safe as the enormous thick-
ness required for the foundations of a masonry dam. He was not 
decrying masonry or concrete ; he had every reason to do the 
contrary ; but he thought that a site where such a depth and width 
of foundation were required, where the height of the dam was not 
much more than 100 feet, and where earth and clay could be 
obtained, was not the proper place for a masonry dam. The 
Author gave the frictional loss of head in the pipes ultimately 
adopted as 2 · 25 feet per mile when perfectly new, and said it 
Would not continue to be so small. Calculations, upon which the 

1 The Author has kindly undertaken to furnish a large-scale section of the 
darn, to be placed in the library.-SEc. INsT. C. E. 
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Dr. Dea.con. conclusions of the British Commission had been based, and which 
had been made principally by Profes or Unwin, had given the 
loss of head as 2 · 497 feet per mile for lap-welded pipes, including 
a small allowance for increased ru ting. A large allowance had 
not been thought necessary because, the pipes being of steel, it was 

· possible to protect the interior more perfectly than if they were of 
cast iron, unless the fettling was much more perfect than was 
usual in cast-iron pipes. He was unable to follow the statements 
in the Paper as to " original " calculations and the use of " Kutter's 
formula," and in another place the reference to " older accepted for­
mulas." The British Commission had made use only of coefficients 
obtained in the most recent and trustworthy experiments applied 
in Hagen's formula ; and, with proper allowance for deterioration 
of the interior of the pipes, the tests given in the Paper appeared 
to have amply justified their conclusions. The Commission had 
spoken favourably of the locking-bar joint, and recommended a 
trial of, say, ! mile of 30-inch pipe; but, in the absence of expe­
rience, they had thought it would not be desirable to risk adopting 
the new process for an aqueduct 350 miles in length. It was a 
most fortunate circumstance that experience had been obtained of 
10 miles of 25~-inch locking-bar pipe put into use in South Australia 
between the date of their report and the settlement of the question 
for the Coolgardie main. He was exceedingly pleased to find that 
the joints had proved satisfactory. The locking~bar joint solved, 
and he hoped would continue to solve, the very serious difficulty 
which arose in riveted pipes from friction and leakage; as the joint, 
if carefully formed by proper machinery, was capable of being 
made absolutely water-tight. It did not appear from the Paper 
that any portion of the 3 per cent. loss by leakage was due to the 
joint; the whole of it was due either to evaporation from the reser­
voirs or to leakage from the lead joints. Time did not allow of 
discussing the question of thin steel pipes versus the ordinary 
cast-iron pipes. There were undoubtedly places in which thin 
steel pipes must be used or none at all, and the case under 
consideration was probably one of those. He felt compelled to 
strike a note of warning against the imitation of such exceedingly 
light concrete walls and floors as those of the smaller reservoirs. 
By reducing expansion and contraction, the barbed wires might 
reta1·d the visible deterioration; but in such thin work they could 
only 1·etard it. He would ask why, in a district where the cost of 
land was of no importance in relation to the cost of building, the 
circular form had not been preferred to the rectangular form for 
such reservoirs. In rehtion to its capacity, a properly designed 
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reservoir of any given material was much cheaper in the circul>tr Dr. Deacon. 

than in the rectangular form. In the circular form the embank-
ments kept the walls always in compression, whereas the face of 
a straight embanked wall was subject, as the water rose and fell, to 
very irregular stresses, producing sometimes even tensile strains, 
Which, combined with temperature strains, quickly led to disintegra-
tion, unless the walls were much thicker and stronger than the 
circular form demanded. In conclu ion, he would point out the 
general features of this very remarkable scheme. The daily supply 
Was the comparatively small quantity of 5,000,000 gallons- or 
5,600,000 gallons when including all water used on the way-
obtained by impounding the flow from the relatively enormous area 
of 364,160 acres. The whole of the water had to be pumped to an 
altitude of 1,290 feet at a distance of 308 miles from the reservoirs, 
from which point it gravitated to Coolgardie, a further 23! miles, 
and again to Kalgoorlie, making a total distance of 351!- miles, 
which was more than double the distance that had ever been 
proposed in any rational scheme for London. 

Dr. A. W. BRIGHTMORE observed that, as the subject of masonry Dr. Bright­

dams cropped up in the Paper, he wished to make a few remarks more. 

on a question which was of interest at the present time, namely, 
whether it might be expected that there would be tensions in 
vertical planes near the outer toe of a dam. Of course the actual 
stresses occurring in a dam could not be ascertained ; but it was 
possible to calculate what those stresses would be on certain 
assumptions. It bad been usual hitherto to assume that the normal 
stresses on a horizontal plane would vary uniformly, that was, 
generally speak ing, when the reservoir was full they would be very 
nearly zero at the inner toe, and would increa e to a maximum at 
the outer toe. The question arose, how the horizontal theust of the 
Water was resisted. If it was resisted by forces which were propor-
tional to the normal stresses, then the result would be the condition 
of things shown in Fig. 29 (p. 66), namely, that the reacting stresses 
Would be parallel to the resultant force on a horizontal plane. Of 
course that resultant force would pe the resultant of the weight of 
the dam and of the pressure of the water . If that assumption 
lllight be regarded as a near approximation to what actually occurred, 
it would be easily seen that there would be no tension in a vertical 
Plane near the outer toe ; for it would be noticed that if the small 
triangle near the outer toe which was bounded by a vertical plane 
Was considered, the forces acting on it would be the stresses on that 
vertical plane, the reacting stresses on the base, and the weight of 

[ '.CRE INST. C.E. VOL. CJ,:XII.j F 
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Dr. Btight- that small triangle. The resultant of the reacting stresses wouLd 
more. act somewhat above the centre of that vertical plane, but the weight 

of the small triangle would bring the resultant force on the vertical 
plane, to some point marked C in the Figure, which would be very 
near the centre of that plane. It had been suggested that the thrust 
of the water was not resisted by a stress which was proportional to 
the normal pressure, but was resisted in much the same way as in 
the section of a beam. He did not see any justification for such an 
assumption, but if it were true, it was evident that most of the 
thrust would have been resisted before coming to the outer toe, and 
therefore the reacting forces on the base there would be more 
vertical, and the effect would be that the resultant acting on a 

Fig. 29. Fig. 30. 

vertical plane, shown in Fig. 30, would be more nearly vertical; in 
that case some tension might be contemplated, becau e the resultant 
force on the vertical plane might quite well be outside the middle 
third of that vertical section. It was all a question as to what 
assumptions best represented the actual conditions. It appeared to 
him that the old assumptions should not be abandoned until it had 
been shown that some weakness exi ted in de igns which had been 
elaborated on their basis. So far as he was aware, such weaknesses 
as had shown themselves in masonry tructures could all be 
explained on the existing assumptions, and therefore he considered 
no departure ought to be made from those a sumptions until it wa 
proved that others were worthy of more confidence. 
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Mr. MAURICE FrTZMAURICE remarked that, considering the di -Mr. Fitz­

tance over which the pipe-line extended, and the large amount of maurtee. 

money expended, 5 years wa a short time in which to complete 
the work. Of course it could not have been completed in tha.t 
time if great help had not been obtained from the railway which 
ran alongside ; still, the success could only have been achieved by 
great forethought and organization. Considering, also, that all 
the pumping-plant, the pipes, the cement, etc., had had to come 
from Englnnd, America, or Germany, there had been more than 
usual good fortune in regard to delivery. Those connected with 
the works could point with some pride to the fact that the estimate 
had been so little exceeded. While, however, the engineering 
estimate had come out so satisfactorily, what might be called the 
result of the commercial e timate was not quite as good as had 
been expected. He under tood from the Paper that the amount of 
water which could be delivered by the works was about 5 million 
gallons per day, while at the present time only about 1;}; million 
gallons was actually used. Such a ratio of water used to water 
available might be very satisfactory in a city or town with 
an assured future, but he did not quite see that it was so at 
Coolgardie. Three scheme appeared to have been considered-for 
1 million, 5 million and 10 million gallons per day, re pectively. 
If the :first was worth consideration at all, it seemed rather 
curious that a jump hould have been made to so much as 5 
million gallon , and extremely fortunate that the third scheme, for 
10 million gallons per day, wa not adopted. Although the 
Author might be able to give some explanation on that point, it 
seemed as if there bad been a considerable waste of money. 
Perhaps the Author could say when the 5 million gallons per day 
would be required. Mr. Fitzmaurice also desired to h."Dow what the 
present price of water was on the goldfields-whether it was based 
on the price given in the 5-millions estimate, which he believed 
was something like 6s. 7 d. per thousand gallons as a maximum, or 
whether it had been based on the 1-million estimate. As uming 
3t per cent. interest on the capital of the work, and 3! per cent. 
for depreciation, or sinking-fund, making 7 per cent. altogether, 
which was very moderate, it would be fotmd that the capital• 
expenditure alone per 1,000 gallons, on the present amount of 
water used, came to Ss., without making any allowance at all for 
working-expenses. Like Dr. Deacon, be had rather hesitated to 
accept the figures for the off-flow from the area. He understood 
that the anticipated yield was 3 per cent. of the minimum 
rainfall expected, but that as a matnor of f<tet only 0 · 2 per cent. 

F 2 
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Mr. Fitz- bad been obtained in the year 1902. Immediately afterwards the maurrce. 
Author spoke of the question of raising the dam. Was the 
Author afraid that if the reservoir was filled it would not be 
sufficient, or was he afraid it never would be filled? Mr. Fitz­
maurice had not been able to gather from the Paper which of 
these alternatives was feared . If the Table on p. 10, which 
gave the rainfall and the yield for the years 1897-1902, were 
extended to the years 1903 and 1904-during which period be 
understood the reservoir had been full-it would be of consider­
able interest. He could sympathize with the Author in regard 
to the site chosen for the dam, and quite understood what his 
feelings must have been when he found, after going through a 
considerable depth of solid granite, that he had only gone through a 
boulder. Mr. Fitzmaurice had had a similar experience 1 ; after 
going through 10 feet or 12 feet of solid granite, he had come to a 
space about 6 inches deep partly filled with very coarse granite 
gravel. Of course there, as in the present ea e, such precautions 
had been taken that there was no danger of any damage to the 
works from that cause, the works having always been carried to a 
great depth below any broken ground of that sort. He desired 
also to know whether any other difficulty had been met with in 
dealing with the foundations. He noticed that it had taken 
about 18 months to get out the foundations for the dam, which was 
800 feet long, and the Author stated that none of the masonry was 
commenced until all the excavation bad been got out. He did 
not quite understand why that should be. If the trenches had 
been t aken out to the final level as the work went on, he thought 
the masonry could have been commenced and carried on at the same 
time ; and he would therefore ask why there had been delay in 
starting the concrete until the whole of the excavation was 
finished. The dam, however, was not the key to the situation, and 
the delay here had not done the work as a whole any harm. 
Judging from the amount of cement used, there appeared to be 
about 50,000 cubic yards of concrete in the dam, which of course 
was not a very large amount: reckoning 2;t years for carrying 
out the work, it meant about 20,000 cubic yards per annum. 
He also wished to know why concrete bad been used in preference 
to masonry. Had it been thought that concrete would make 
a better dam, or was it cheaper? Evidently it had not been 
adopted to save time. With regard to the pipe-line, he was not 
quite sure whether the reason for the pipes being laid underground 
eventua.lly- the opposite of the recommendation of the English 

1 Minutes of Proceedings Inst. C.E., vol. clii. pp. 78, 96. 
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Commission-Wfl.S the fact that the riveted pipes were not used, Mr. Fitz-
maurwe. 

and consequently there was very little leakage, or whether 
the information given to the English Commission in the 
first place, with regard to the amount of salts in the ground, 
was found to be not quite correct, and that amount was much 
less than was anticipated. He did not quite understand from 
the Paper whether expansion-joints had been completely aban-
doned, and no allowance whatever made for expansion. If 
any expansion-joints bad been used, it would be interesting to 
have a sket ch of them. With regard to the rate of laying 
the pipes, if the rate of 1-8- mile per day bad been maintained 
during the last 3 months, it meant that about 30 per cent. of 
the pipe-laying bad been completed during that time. He 
congratulat ed the Author on having made very rapid progress 
in that final period. The service-reservoir seemed to be rather 
small in proportion to the large reservoir. It appeared to contain 
only 2;! days' supply, which did not seem much, considering 
there was only one supply-pipe. It would be interesting to have 
the cost of the work more subdivided than it was in the P aper, so 
as to give some idea of the cost of the actual dam. The Author 
lumped together railway-line, land-compensation, river-training 
works, and reservoir. The statement that in practically every 
case the substitution of loam and clay for a corresponding quantity 
of sand increased the strength of mortar seemed somewhat too 
sweeping and indefinite, as no proportions were mentioned. No 
doubt in some cases a certain amount of what appeared to be clay 
might increase the value of mortar . Some years ago Mr. Fitz­
maurice found that a large number of briquettes made with the 
dust from wbinstone gave much better results than those made 
with standard sand; and be thought he remembered Dr. Deacon 
remarking in the Institution, some years ago, that be bad found 
some of the material which gave the best mortar mixed with 
cement was a very fine material, his words being, Mr. Fitzmaurice 
thought, that it looked· more like the sweepings from roads than 
anything else. About 5 or 6 years ago, Mr. Fitzmaurice made a 
large number of experiments on cement mortar with different 
proportions of clay, peat, or other impurities mixed with the sand. 
B:e found in many cases that very small quantities of these 
materials, say not more than 2;! per cent., made no great differ-
ence, but 5 per cent. made a serious difference in the value of 
the mortar. Each case must be examined separately, and it was 
dangerous to make such general statements as were made by the 
Author with regard to the mixture of clay with cement. 
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::l.fr. Hawksley. Mr. CrrARLES HA KSLEY, P:t t-Pr ident, observed that the 
ratio of the off-flow from the land to the rainfall was, as Dr. 
Deacon bad pointed out, remarkable ; but, of cour e, it bad to be 
borne in mind that even in England the yield depended largely 
on the manner in which the rain fell. In two years having 
different total rainfalls, less water might be impounded in a 
reservoir in the year with the larger fall because of the rain falling 
comparatively lightly but frequently, so that much of the water 
was lost by evaporation before reaching the reservoir. It would 
be interesting if the Author could give some reliable informa­
tion as to the amount of evaporation from the land itself in the 
Cll.tchment-area. That, of course, was difficult to measure : even at 
home no experiments bad yet given thoroughly satisfactory 
results, and therefore such could hardly be expected from 
Australia. As the flow over the weir would, in times of mn.ximum 
rainfall, amount to 5 feet in depth, he would ask why the weir 
had not been extended by carrying it farther northward along 
the dam. Perhaps the ground on which the water would fall was 
not suitable? .A.s to the advantages of clay or loam in mortar, he 
1·emembered an instance where care had not been taken to clean 
the sand, and Portland cement mortar bad not set after a period of 
3 years, and therefore never would set. In his own practice he 
was always careful to have the sand used for mortar washed 
perfectly clean. He believed some mortar made with clay or loam 
lutd been used in the formation of the concrete on the Thirlmere 
works, which were described in a P aper1 presented to the Insti­
tution some years ago. He ventured to think that the decision 
not to render the face of the wall with cement was wise, 
because such facings almo t invariably peeled off in course 
of time, especially when subjected to damp and frost. They 
were applied sometimes to pathways, and there again they 
nearly always failed . It was much better to finish with a fine 
coating of concrete, and not to attempt any subsequent render­
ing with cement. The expansion-joints -in the concrete walls 
of the reservoirs seemed to be well adapted to their purpose. 
Large masses of concrete invariably cracked somewhere; and 
to make peovision at the place where they usually cracked, for 
pr venting the escape of water, was a wise precaution. Having 
hitherto u uaH.y adhered to the cast-iron pipe, which bad done 
good service in the past, he was unable to speak with authority 

1 G. II. Hill, "The Thirlmcre 'iVorks for the \Vater-Supply of l\fanchester." 
ll1inutcs of Proceedings Inst. C.E . , vol. cxxvi. p. 2. 
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in regard to steel pipes. Of course, in countries like Australia Mr. Ho.wksley . 
the cost of cru:riage of cast pipes r ndered the use of steel pipes 
almost a necessity, even should their life be much shorter than 
that of cast-iron pipes; consequently their use was justified in 
situations where perhaps it would not be justified in England. 
Also, the use of the word "stand-pipe" which occurred two or 
three times in the Paper was a little misleading, having regard to 
the fact that in England it generally meant a pipe standing 
above the 1ground to a considerable height, for the purpose of 
giving pressuTe. In the Paper the term seemed to be applied to a 
suction-tank. He must add his congratulations to those :l.lready 
given with regard to the expedition with which the work had 
been carried out, especially taking into consideration the difficul-
ties in a place so far distant from the ources of most of the 
materials. The Author was also to be congratulated on the close-
ness of the co t of the work to the estimate. The exce s was less 
than 10 per cent., which most engineers would regard as very 
creditable even in England, and therefore much more so in a new 
country like Australia, where much had yet to be learned. 

Mr. W. B. TRIPP pointed out that in his experience of the con- Mr. Tripp. 

struction of waterworks in arid countries, the use of earthworks 
for impounding or conducting water was exposed to the risk of 
serious annoyance and even danger on account of the large number 
of burrmving animals, such as moles and rats, which constantly 
burrowed through the eaJ:thwork to get to the water. Sometimes 
these burrows were so inacces ible that they were very difficult 
to discover. He did not know whether that was one reason 
why a concrete dam, whioh of course was more expensive than 
an earthen dam, had been employed for Coolgardie; but the diffi-
culty seemed to him to be a very practical question in connection 
with waterworks carried out in dry countries. 

Mr. C. T. A. HANSSEN had been somewhat astoni bed at the Mr. llanssen 

statement on p. 41 as to the friction in the ri ing-main. The 
engineers had had excellent advice as to what the friction would 
be, and, in tead of that advice being followed, 50 per cent. had 
been added to the frictional resistance as calculated by the highest 
autho\·ities. The Author seemed to anticipate increased resist-
ance as the result of incrustation of the pipes; but was it really 
nece sary that pipes hould silt up in the way he expected? 
Mr. Hanssen had had some experience at Pre ·ton with a ewa.ge-
main, 33 inches in diameter and 4~· miles long, and he had 
found thn.t with a velocity of 2} feet per second, which wa 
obtn.ined when the pumps worked at full ·peed, there w:1. no 
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Mr. Hanssen. serious incrustation. In this case, in which sewage was dis­
charged by means of Shone ejectors, stones as big as a man's 
two :fists would traverse the main with a velocity which might 
be at times 3 feet, but was generally not more than 2-,! feet, 
per second. He could quite understand that in a network of 
water-mains, where the velocity in one direction in any main 
was not very pronounced, and where there was slight oscilla­
tion to and fro, the silting might be serious; but in a case like 
that under discussion, where the flow was continuously in one 
direction through the whole of the main, as long as pumping was 
going on, there did not seem to be any reason why the velocity 
should fall below 2k feet per second, which was generally con­
sidered a self-cleansing velocity. Although mechanical deposits 
could be prevented by making the velocity in the main sufficiently 
high, it was not !certain that organic deposits could be prevented 
in the same way. The best way to obviate organic deposits seemed 
to be to exclude the light as much as possible. In the Berlin water­
works serious difficulties had arisen from the choking of the main 
by an organic growth, which had been found to cease when the 
reservoirs were covered and the light was excluded as much as 
possible. But in the Coolgardie scheme seven shallow reservoirs 
had been deliberately introduced on the pipe-line, which exposed 
the water as much as possible to sunlight and to air, a procedm·e 
which must encourage organic growth. Why had the lift been 
sub-divided in that manner? With Worthington force-pumps he 
did not see that there would be any mechanical difficulty in pump­
ing the whole of the water in one lift. It would certainly cause 
a higher pressm'e on the mains-say, about 940 lbs. per square 
inch against the pumping-engines; but as the pressm'e in the 
hydraulic mains in London was 750 lbs. per square inch, and 
there was no difficulty in pumping against that pressure, he did 
not see why there should be any difficulty in pumping again t 
940 lbs. per square inch. That plan would have the advan­
tages of not only excluding light from the water, but also of 
concentrating the whole of the pumping-plant in a single station­
or at most in two stations-thus giving much higher efficiency, and 
probably reduced cost for attendance. He therefore thought the 
engineers had been ill-advised in subdividing the lift to such 
an extent, and be suggested that the high temperature of the 
water and its pollution with animal and vegetable organisms, 
which in. a tropical climate would be the inevitable consequence 
of such an arrangement, was the reason for the low consumption of 
water mentioned at p. 6. 
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Sir BENJAMIN BAKER, K .C.B., P>t t-President, considered that Sir Tlenjamin 

the Paper would be very valuable to engineers in all parts Baker. 

of the world, because it was clear that in South Africa and 
el ewhere there would be a large demand for reservoirs for 
irrigation and for power. He did not propose to follow the 
Paper through; but Dr. Brightmore's remarks seemed to indicate 
that he thought the question of the stresses on a dam could be 
solved by drawing a few lines in a diagram ; and Sir Benjamin 
might say a few words upon that matter. When, about 12 
years ago, the question of dams was under discussion in the 
Institution, the late Mr. C. F. Findlay, M. Inst. C.E., threw 
down the gauntlet by saying that as umptions had been taken by 
engineers as physical truths ; that they thought it was ufficient 
to consider the stresses on a horizontal plane in a dam and to 
assume that the stres varied uniformly from one face to the other ; 
but that there was no sanction to be found for such assumptions 
in any scientific theory which had yet been advanced, assuming 
the dam to be an elastic solid.1 Many mathematicians had been 
working at the problem since, and during that time perhaps half 
a dozen masonry dams bad been wa hed away from one cause or 
another; but be could not mark any great advance in the theory. 
It was necessary to draw a complete distinction between the 
mathematician's dam-that was, an elastic solid at uniform tem­
perature-and the engineer's dam, which was quite a different 
thing; because there were numerous disturbing influences ari ing 
from changes of temperature, contingencies of workman hip, and 
other c.o'l.uses, which would entirely up et any rea oning based 
on the assumption of the dam being a perfectly elastic solid at 
constant temperature. In tackling the problem mathematically, 
however, the only way to approach it was by assuming those 
conditions. Then the very convenient assumption, referred to in 
the Paper, was made, that if the line of thrust were well within 
the middle third there could be no important tensile stresses on 
the ma onry. But was that a sound mathematical theory on the 
a sumption of an elastic solid ? He thought it was not. The 
problem was infinitely more complicated, and be bad been very 
pleased to see that in University College, London, after a lapse 
of 12 years, a serious attempt was being made by Profe sor 
Rarl Pear on, an eminent mathematician and a high authority 
on elasticity, and by an able young demonstrator under him, Mr. 
L. W . Atcherley, Stud . Inst. C.E., to advance the theory of the 

1 l\finutes of P roceedings Inst. C.E., vol. cxv. p. 153. 
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Sir Benjamin stresses in cl::t.ms. 1 About the accuracy of the results he did not care 
l.lu.ker. a pin. There was no pret ence that the investigation was final or 

exhaustive, but it was the first fruits of an earnest attempt to 
carry the theory of an elastic solid, in the special case of a dam, a 
stage farther than it had been carried before. As the engineers 
of the Public Works Department in Egypt were interested in 
dams, he had transmitted the memoir to them, with the comment 
that he considered the investigation was deserving of every 
encouragement and assistance, and that although personally he 
could not say he agreed with the conclusions, be believed the 
mathematics were correct on the assumptions made, but thought 
that all the conditions of the problem had not been included. He 
had told Professor Pearson the same, and the investigations were 
being continued at University College. If the subject was gone 
into on the elastic principle, it had to be done in a thorough way. 
It would not do to be satisfied with merely taking the vertical 
stresses on horizontal planes and leaving out the stresses on 
other planes and the question of elastic distribution of shear. 
In most calculations of the kind it was assumed by engineers that 
if the friction at the base was sufficient to prevent the dam from 
sliding down-stream, that was all that was necessary to consider 
as regarded shearing-stresses. But Professor Pearson and other 
mfl.thematicians rightly contended that if the clam was treated as 
an elastic solid it was necessary to consider the elastic shear, as 
well as the elastic compres ion. The first point that arose was, 
how was the shear distributed ? If the pressure of the water was 
lOO tons per lineal foot of dam, and the base was 50 feet wide, was 
the shear distributed equally over the 50 feet, tha t was, at the rate 
of 2 tons per foot ; or was it, as most mathematicians, considering 
the dam as a cantilever, said, distributed in a parabolic form­
that was, was it nothing at the inner toe, nothing at the outer 
toe, and 3 tons per square foot in the centre? Professor Pearson 
and his colleague had worked it out on both assumpt ions. They 
said that, assuming certain other conditions, and t aking the 
shear as uniformly distributed, there might be a tension of 3 tons 
per square foot at the outer toe of a typical clam in a vertical 
plane; but taking it as more probably parabolically distributed, 
then 10 tons per square foot was obtained, which was of course a 

1 " On Some Disregarded Points in the Stability of Masonry Dams." By 
L . W . Atcherley, with some assistance from Karl Pearson. [D1·apcrs' Compwny 
Research J1fe1noir.] London, 1904. For an Abstract of this memoir . ee Minutes 
of Proceedings In t . C.E., vol. clxii. 
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very high t ensile str ess for concrete or ordinary rubble masonry. Sir Benjamin 

A . ld h h d'd k . l 'f Baker. n engmeer wou say t at e 1 not ta e e1t 1er Ull1 orm or 
pa.rabolic distribution, but inspected the rock upon which he 
had to build the dam, especially as regarded the direction and 
nature of the inevitable cleavage-planes, and formed his own 
conclusions as to what distribution of shear might be safely 
assumed in the particular case under consideration. But that 
did not invalidate the importance to an engineer of knowing 
what would be the distribution of stress in dealing with a dam 

Fig. 31. 
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as an elastic solid. In dams the elastic deformations from com­
pression would often be only comparable with the thickness 
of a sheet of paper in extent, and the rock on which the dam 
Was built could not be left out of account. It was necessary to 
consider not only the elastic deformation of the dam, but also that 
of the rock. The first thing he had lone on receipt of Professor 
Pearson's investigation was to make, in an hour, out of ordinary 
jelly, a model of the dam and of the l'ock (Fig. 31 ). H e dl'ew 
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Sir Beniamin lines at right angles acro s the transver e section, dividing it 
Ba,ker. 

into squares, and applied pre sure on the side representing the 
water face of the dam and al o on the portion corresponding 
with the rock bottom of the re ervoir; for it seemed to him 
that, although on the " middle third " theory the dam might 
have no tension on the up-stream side, the sinking of the rock 
under full-reservoir pressure might induce fairly severe tension 
on the masonry. The squares of the model became distorted 
under pressure, showing the nature of the shearing-strains, as 
indicated by the lines in Fig. 32. The first thing noticeable was that 
the distribution of shear where the dam met the rock was far more 
uniform than parabolic. In other words, if there was ten ion at 
the toe of the dam, as stated by Professor Pearson, it would be 
nearer 3 tons per quare foot than 10 tons per square foot, so 
far as this rough model indicated. But the model al o showed 
how far the strains extended into the rock, and it was probable 
that the elastic deformation of the dam was transmitted into the 
rock for a distance equal to half the height of the dam before it 
became undetectable. Therefore, in order to work out the com­
plete problem, it would be necessary to take into consideration the 
elasticity of the rock on which the dam was built. It was a very 
difficult problem, especially if dealt with algebraically, without 
the use of models; and be could quite realize the truth of the 
remark made by a speaker 12 years ago, to the effect that every 
one who had attempted to solve it seemed, after having worked 
at it for a certain time, to have thrown the whole thing over 
and made certain assumptions to simplify matters. Af> he him­
·elf bad remarked in the same discussion, perfect elasticity and 
unifor-m temperature might prevail on the planet Mars, but not 
in this world ; so that engineers had to be careful in applying the 
result of mathematical inve ·tigation where dams were in que -
tion. In designing a dam it wa po sible to cover the unknown 
by providing a large factor of safety ; but if the p1·oblem before 
the engineer was, " Here is an existing dam, how much can it be 
safely mi ed ~" what had to be considered was the minimum 
factor of safety allowable. That was quite a different problem: 
it was like asking, with regard to a leaning tower, how much 
more the tower could be made to lean over: and in dealing with 
it great care was needed on the part of the responsible engineer 
-the man liable in ea e of acci lent to be called upon to produce 
his calculations and justify the same. Therefore, on hi arrival 
at As uan to determine the question of rai ing the dam there, 
in conjunction with the heads of the Public ·works Depru:t-
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ment he bad bad nearly a dozen stiff jelly models of the dam made, Sir Benjamin 
for the engineers to experiment with in different way , including Baker. 
cutting out portions in front to represent rock scoured away by 
water rushing through the luice . It was found that if rock 
was cut away in front of the dam the stresses on the dam were 
appreciably altered. After 3 or 4 hours' trial with the model , 
everybody had agreed with him that raising the dam was not such 
a simple problem as it seemed at first. He bad said that for practical 
reasons the raising must in any event be postponed until the 
masonry apron below the sluices was completed, to protect the 
rock and support the toe of the dam; and that for the moment be 
would therefore not offer any opinion upon Professor Pear on's new 
theory, except that be was very glad the researches bad been made 
at University College, and that be hoped the Egyptian Govern-
ment would give every encom·agement to further research in that 
direction. He thought they had done that in a handsome way : 
Sir William Garstin had given prominence to the re earches in 
his Report, and bad expre ed the hope that Professor P earson 
would be followed by other mathematicians, so that it might 
be possible to agree upon some complete solution of the problem 
of the stresses on a dam, considered as an elastic solid at uniform 
t emperature. Of cour e, to assume that the rock on which a dam 
was founded was a homogeneous elastic solid would be very far from 
the truth, as Mr. Fitzmaurice's experience at Assuan had shown. 
With the help of Sir Archibald Geikie and some of the staff" of the 
Geological Survey who had been in Scotland surveying the granite 
formations there, the matter was carefully studied by him elf 
before the Assuan dam was commenced, and it wa found that in 
granite formations there were invariably cleavage-planes which 
broke up the rock into big blocks, the spaces between which 
were filled with something more or less compre sible-generally 
decomposed granite. Slow infiltration of water into cracks in the 
granite gradually decompo ed it, the joint varying in thiclme s 
between, say, ~ inch and more than a foot. With a solid piece 
of masonry in cement resting on what might be called rubble 
masonry set in decomposed granite, it would puzzle anyone, using 
any amount of mathematics, to say how the shear would be dis­
tributed over the base of the dam. Supposing that the rear 
part of the granite wa comparatively olid and unfissured, and 
the front part had vertical fissure ju t below the surface (Fig. 33), 
fissures say i inch wide, when it was considered of what order 
the elastic movements were- only about the thickness of a beet 
or two of paper-could it reasonably be assmneu that those joints 
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Sir Beniamin of decomposed granite were capable of resisting any effective 
B:1ker. · 

shear ? In many cases that assumption was 1·iJiculous. Thn.t 
being so, then, for the toe of the dam there was no horizontal 
component to re ist an inclined thrust. On the toe the reaction 
would be vertical, and its intensity would be the pressure on 
the rock less the weight of the toe. The dam had to be looked 
upon practically as an ordinary wall with footings . It must 
be fmnkly admitted that tension in masonry should be avoided 

Fig . 33. 

as far as possible; but the whole principle of g1vmg a footing 
to a wall implied that there might be tension of some extent 
m any concrete or masonry structure without risk of hacture 
(Fig . 34) . If the footing were made too weak it would break 
off, but if made strong enough it would stand. Many archi­
tects acted on the rule of thumb that the depth of the footing 
houll be not less than the projection multiplied by the square 

root of the pres ure on the foundations in tons 
Fig. 34. per quare foot; which implied a tension of 3 

tons per square foot. In practice rock might 
be met with which was fissmed and which 
would not afford at the toe of the dam the 
horizontn.l re i tance to the inclined stress ; 
and in that case the mortar and concrete must 
be strong enough to enable that part of the dam 
to act as a footing v rticn.lly loaded. Of course, 
the engineer was accustomed to providing 

for such contingencies. He took care in all his works, especially 
in dams, to test the mortar, and to make it such that the masonry or 
concrete had considerable tensile strength. For that reason, the 
fact that dams constructed on the " middle third " theory did not 
crack was no evidence that such theory, or any other theory of dams, 
was right or wrong; for in his own experience he had known 
1·ubble masonry stand a tensile stre s of 20 ton per square foot 
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before cracking. There was no time to elaborate the matter : he had Sir Bcniamin 
simply tried to show that what was required from mathematicians Baker. 
was a complete theory on the ba i of perfect elasticity in both 
dam and rock foundation, and be hoped some good result would be 
obtained at University College. When that theory had been found, 
engineers would have to examine the structures with which they 
were dealing, and if the rock they were building on was not solid 
rock-in the sense of being able to transmit horizontal shears of 
·rh inch- they must make their dams trong enough to meet con-
siderable tensile stresses at the toe. As he bad said 12 years ago, it 
seemed hopeless to talk of temperatures, because whilst in dams the 
varying stress on the masonry from the lateral pressure of the 
water would be probably only about 5 to 6 tons per square foot, the 
modulus of elasticity and the expansibility were such that if the 
masonry were not free to expand, the 5 to 6 tons per square foot 
would be equivalent only to the stress resulting from a rise in 
temperature of about 6° F. The results of experience so far with 
thermometers buried in the masonry of dams confirmed the 
common-sense view that the different portions of masonry built 
during the year at varying t emperatures settled down finally to 
uniform t emperature in the interior of the dam, while the face-
work was affected even by diurnal changes; so that internal 
strains existed in a dam as in a large unannealed casting. What-
ever theory mathematicians might evolve, engineers would not 
be relieved, he thought, from the obligation to u e no material 
for dams which would not stand, say, 50 tons per square foot in 
compression and 10 tons per square foot in t ension without 
splintering ; and, in some cases, concrete dams might probably with 
advantage be partially reinforced with steel bars. 

The CHAIRMAN regretted that owing to want of time the di cussion The Chairmo.n. 
could not be continued. The remarks made by Sir Benjamin 
Baker would be of great interest to every engineer, and valuable 
to the profession for many yea.rs to come. 

The AuTIIOR, in reply, regarded it as a great privilege to have Tho Author. 
been able to place the Paper before the Institution, and was 
indebted for the kindly way in which it had been received, 
especially to those who, themselves responsible for large work , 
had drawn attention to the rapid progress made-a matter 
Which affected him considerably. The rate of progre s on the 
pipe-line, specially referred to by Mr. Fitzmaurice, was quite 
correct. The Author bad undertaken that the works would be 
open by a certain date, and the promise had been kept. The 
comparatively low consttuction of the weir bau been due to 
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The Author. several causes, the most prominent being financial reasons and 
the advisability of even progress on the scheme generally, the 
weir, notwithstanding its size, forming only one-tenth of the 
whole work. It was difficult to deal in a. few words with the 
political references made by Mr. Carruthers, and it was un­
necessary to do so fully. It would suffice to say that Sir John 
Forrest's name was unquestionably and rightly one to conjure 
with in Western Australia, and to his Government was due the 
honour of inaugurating this work. There had been a great deal 
of needless and exasperating per sonal attack, and a want of 
recognition of difficulties and of the work accomplished ; but, on 
the other hand, little of the opposition had been entirely factious, 
and, as r egarded the leaders, none at all so. Moreover the 
Opposition of Sir John's day had certainly done their best for the 
scheme, and with complete success, when in power later on ; a t 
a time, too, when financial burdens were greater than with the 
previous Government. The work was that of many hands, and 
to no one person could the chief credit be apportioned; the Author 
had been careful to draw attention to the lat e Mr. O'Connor's 
part in it, and mention should not be omitted of one of Mr. 
O'Connor's assistants-Mr. T. C. Hodgson-an able engineer, 
whose assistance to his chief had been invaluable. The financial 
aspect of the question raised by Mr. Fitzmaurice was twofold; 
first, whether the work was too large for the purposes served, 
and secondly, whether as a result of the larger size the bur·dens 
were too heavy. With reference to the first point, it was easy 
to be wise after the event, but looking at the question from 
the point of view of those who had been responsible for the 
inauguration of the scheme, and who had had to foresee the 
requirements and provide for the coming large industry, and 
resulting population in a very dry country, it had to be remem­
bered that the work was approved of at a time when discoveries of 
gold-bearing country were being made at very numerous centres 
(a score where mines were regularly working now could be named 
off-hand), the distribution of which indicated Coolgardie as being 
the centre of the greatest gold-bearing belt of the Commonwealth. 
The arid conditions of the country made very heavy demands 
upon the finances of the State for providing, by means of wells, 
bores, condensing-plants and dams, the water necessary for imme­
diate u e ; while no scheme of water-supply based upon local 
our·ces was held to afford that security against prolonged drought 

which was an essential condition of permanent development. It 
would have been unwise, in the conditions which existed, and on 
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the data which were available, in 1897, to have err ed on the side ThsAuthor. 

of providing too small a scheme ; and it was quite possible, having 
in view the immense tract of undoubtedly auriferous country 
served by the scheme, that the demands on further development 
would exceed the Author's estimate of ultimate consumption under 
present conditions. This estimate was 2~ million gallons, the 
much smaller amount noticed by Mr. Fitzmaurice being the r esults 
of the first year or so of working. Nevertheless, even during this 
period, the commercial aspect of the cheme was not inferior, as the 
following facts showed. About 3 years ago the Author submitted 
revised estimates of the probable cost of supply, arriving at con-
siderably lower figures for working than the late Mr. O'Connor's, 
as given in t he accompanying Table. 

J\{r. O'Connor 's 
f1nal .Figures 

'l'he Au thor's Figur es fo1· daily 
quantities of 

Descr iption of w ·ork. for 5 .i\1ill ion I----.-------­
Gallons sold 

daily. 1 Million 2t M:illion 5 Million 
Gallons. Gallons. Gallons. 

--------------------l----------l- -----!·----1-----
£ 

In terest and sinking-fund at 6 per 
cent. on £2,500,000 . . . . 

Interest on actual cost, including 
discounts on loans, etc., plus 
sufficient sinking-fund to re­
deem the loan in 20 years . 

} 150,000 

l 
Working-expenses-

( a) Maintenance and general j 
administration, excluding re- 1 
ticulatiou J 

(b) Pumping • . . . . . 
For interest and sinking-fund per } 

I,OOO gallons delivered at t he 
service-reservoirs . . . . 

Ditto for working-expenses ditto . 
Reticulation, all charges, includ- } 

ing interest and sinking-fund 
Total 

6I,OOO 

I09, 000 

Is. 8d. 

I s. IOd. 
not given 

£ 

I94, 000 

35 ,000 

25,000 

10s. 8d. 

3s. ll~d. 

8~d. 

I4s. 8d. 

£ 

I94, 000 

35, 000 

45 ,000 

£ 

194, 000 

35,000 

75,000 

4s. 3d. 2s. I~d. 

I s. 9d. Is. 2~d. 
6d. 5d. 

6s. 6d. 3s. 9d. 

The pipes were still new, and the cost of maintenance was therefore 
less than the Author's estimate ; and it had been shown in actual 
\Vorking that for this and other r easons even his figures could b.e 
somewhat improved on. The Author made recommendations based 
on his figures when the Maintenance Bill was being passed, and 
the prices settled on for the time being were 5s. 6d. on the 
average at service-reservoirs (against 6s. 7d. mentioned by Mr. F itz­
tnn.urice) and Ss. 4d. delivered at the houses. At_ these rate the 
net results of the fir t official year's work (the only one n.vailable so 
far) with the r eticuhtion only half finished, were: r evenue £ 104,800, 

['l'IfE INS'!'. C.E . VOL. CLXII .] G 



82 DISCUS!!liON ON COOLGARDIE WATER-SUPPLY. [Minutes of 

The Author. working-expenses £42,800, profit £62,000. Adding to this sum 
£30,000 saved to the Government railways, a total profit of £92,000 
was obtained, equal to the amount of the yearly interest, leaving 
only sinking-fund uncovered: which was a remarkably good result 
for the first year's work. Turning to purely engineering matters, and 
beginning with the reservoir, the first point was that of discharges. 
He regretted that, important though the matter was, there were no 
r ecords available of the evapor~ttion from the land on the catchment, 
such as bad been asked for by Mr. Hawksley. The small ratio of dis­
charge r eferred to by Messrs. Hawksley, Deacon and Fitzmaurice 
was a most anxious subject for all Colonial engineers. The par­
ticular figures in this case were quite correct, as he had shown by 
giving those of adjoining catchments for comparison. Although 
anything quite so trifling as the figures for 1902 bad not been 
met with by the Author from country chosen in other lands 
for catchments, yet his Indian experience had shown him that 
drainage-areas giving very small yieids had often to be accepted; 
and, as recognized by the speakers, nothing but previous ex­
perience in similar country with somewhat similar distribution of 
rainfall could prevent waste of money on the one hand, or failure 
of a scheme on the other. In dealing with the relation between 
in-flow, consumption and loss, and the diagram of capacities, the 
Author, unwilling to write at unnecessary length, had rather 
abbreviated his remarks in the Paper, and he was glad of the oppor­
tunity afforded by Messrs. Deacon and Fitzmaurice's questions to 
draw further attention to the very important point of the apparently 
wide difference between English and Colonial practice. For in­
stance, the late Dr. William Pole, in a lecture on" Water-Supply" 
delivered in the Institution 20 years ago1 stated 1 that a reservoir 
large enough to equalize the rainfall of a series of years would be a 
monstrous structure. Yet it was for exactly this purpose that the 
Author had had to undertake a study a few years ago in India, 
with the intention of increasing the storage for a large town of 
120,000 inhabitants; and the same question bad arisen in connec­
tion with the reservoir of the Coolgardie scheme. It was natural 
that at any site the contents per foot of depth would be greater at 
the top than lower down, and it was so in the present case, as 
pointed out by Dr. Deacon; but, on the other hand, the loss, per 
unit of area, due to eva.poration from broad shallow areas was 
great er than from areas of deeper water-a· fact which used to 
be taken advanta.ge of by the natives of India in the manufacture 
of salt by the evaporation of the brackish waters of the Sambhal' 

1 "The Theory and Practice of Hydromechauics," p. 43. London, 1885. 
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Lake; so that, having in view the comparatively small yield from Tho Author. 

the natural catchment, it would, on working it out, be found that 
even though the Mundaring reservoir after enlarging would fi.ll 
occasionally, small good would result from raising the dam without 
al o increasing the catchment. As an instance, the cycle of years 
1893-99 might be referred to. In the Indian case the Author had 
come to the conclusion that increase of storage-capacity would be 
money well spent ; but for the Coolgardie scheme he had favoured 
enlargement of the catchment-area. It wFLS impossible not to concur 
with Mr. Hawksley regardu1g the _advi ability generally of in-
creasing the length of the waste-weir, and consequently reducing 
the depth of water over the crest. It was not advisable in the 
present case, owing to unsuitable ground ; but the point had been 
fully borne in mind in the Author's preliminary studies for the 
yet larger dam which would ultimately be requil·ed for the water-
supply of the Western Australian metropolitan a.rea. The Author 
would concur with Dr. Deacon, other things being equal, if he 
showed preference for a clear overfall ; but it was necessary in such 
a case that the water should shoot clear of the dam, and not jump 
about on the slope. It was by no means correct that the discharge 
reached the bottom in the form of innocuous spray, unless the 
depth of fall was great compared with the depth of flow over the 
weir-crest. One of the first works with which the Author bad had 
anything to do was a masonry weir at Jabalpur in India, 70 feet 
high above bed-level at the deepest point. The dam was designed 
and built under the orders of Mr. J . G. H . Glass, M. In ·t. C.E., 
and the overflow was restricted as far as possible to the flanks 
of the dam. The first year after the dam was completed the rainfall 
was exceptionally heavy, and in the 3 months during which the weir 
was overflowing to depths up to 2 feet 6 inches the water was 
u ually running at sufficient velocity to drop clear of the base of the 
dam some 20 feet below; still some damage did occur, the joints 
(of lime mortar) being washed out from some of the stonework 
footings. Moreover there was the question of vibration, than which 
nothing was more injurious to concrete. In the Vyrnwy dam this 
perhaps did not matter. On the other hand, the Coolgardie water-
supply dam, having been built homogeneous, with no surface render-
ing, was in little danger of scour of the profile, and the water gliued 
down smoothly and evenly and entered the basin below without 
causing unnecessary disturbance. The Author failed altogether to 
understand Dr. Deacon's preference in the present case for an e~wtben 
dam. In the first place, it was shown in the Pa.per (p. 13) that th 
formation of a by-pass (including wa.ste-wcir and channel) would not 

c: 2 



8t.J:: DISCUSSION ON COOLGARDIE WATER-SUPPLY. [Minutes of 

The Author. have been possible, unles it were cut out of the solid and sharply 
sloping flanks of the gorge at disproportionate expense. Again, coulJ 
floods 5 feet in depth be pa sed over an earthen dam ? Next, there 
was the damage and dang r to such dams in countrie where animal 
life was prolific, as pointed out by Mr. Tripp, who e remarks were 
·in consonance with the Author' experience of maintenance and 
renovation in India, where not the least of the enemies of the earthen 
dams constructed by Indian princes in olden days were freshwater 
crustacea. Moreover, it was by no means a foregone conclusion 
than an earthen dam was the cheaper structure. The section 
adopted at Vyrnwy for the masonry dam built by Dr. Deacon was, 
the Author believed, acknowledged to be large, but taking more 
economical sections and comparing with those of earthen dams, 
and making allowances on the one hand for deep foundation and 
on the other hand for tripping, for puddle-tunnel, waste-weir 
and valve-tower, the earthen dam would not be found to be the 
more economical unle s material were handy and labour cheap, 
which was not so in the present case. The que tion of masonry 
ver u concrete dams raised by Mr. Fitzmam·ice was one largely of 
comparative cost, not only of plant, material , and rate of con­
struction, but also of killed and unskilled labom·. A plant 
capable of handling la1·ge tone might have remained a dead asset, 
but the comparatively mall stone-crushers and concrete-mixer 
could be counted on with certa.inty to be of use el ewhere. He was 
glad to observe that improvement had been noticed in other cases 
in th quality of wate1· flowing through comparatively long pipe , 
although he was unable to agree with Dr. Deacon that the action was 
entirely aerobic rather than partly anaerobic. The arguments for 
and against were of a highly technical character, and would hardly be 
worth entering on here. While fully concm·ring with Sir Benjamin 
Baker as to the difl:'erence between a pm·e mathematician's assump­
tion and an engineer's requirements in calculations for dams, the 
Author ventured to say that, after all, the equations of stability 
must remain indeterminate, and must therefore be olved by means 
of assumptions, as was continually necessary in numemus engineer­
ing and architectural calculations. The theory of masonry-dam 
calculations was sufficiently advanced, and had been sufficiently 
proved in practice, to ensure ucce s, provided the designer did not 
cut things too fine above ground, and wa careful to en ure his 
foundations remaining satisfactm·y. The latter point, as explained 
in the Paper, bad been carefully attended to in the Coolgru:die 
sch me; and as regarded the former, some superabundance of 
. t1·ength usually cost so little as compared with the whole cost 
of any scheme, aud was rum·eo ·er so necessru:y un account of 
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inevitn.ble imperfections in material. and workmanship, that there The Author. 
should not he clilficulty nowadays in suitn.bly designing the above-
ground portion of a dam, provided the stres es applied and the 
purpo es to be served were carefully considered, and the extra 
material was conectly disposed. The Author considered, however, 
that Sir Benjamin Baker's remad.:s were directed rather to the 
difficulties of foundation-design, especially in circum tances where 
it was proposed to raise a dam which, although more than strong 
enough above ground, had insufficient strength below ground, 
becau e the foundations, not having been fully protected in the first 
in tance, were considered to have subsequently become doubtful. 
By variation of the di po ition of the superabundant mate1·ial 
neces ary at the top of every dam it wa po'sible to deduce at will 
a ba e of greater or less width without proportiona.te increase or 
reduction in the total contents of the dam, and thus to obtain to a 
considerable extent the footing mentioned by Sir Benjamin Baker; 
but in the opinion of the Author extra width alone was insufficient 
where the foundation rock was comparatively weak. Extra 
depth was necessary, so that advantage could be taken of the 
resistance to vertical as well as horizontal shear of both rock 
and masonry below ground, and transmis. ion therefore of stres es as 
through beams. If, however, this extra depth was not given, and 
reliance was placed on the horizontal shear alone of shallow founda-
tions which were under threat of being curtailed by denudation 
down- tream, the problem was a totally different one, as well for 
an exi ting dam as for raising it. But, even so, it appeared to the 
Author that illu tration by mean. of jelly mod ls were liable to 
misinterpretation, as showing more than m1.s intended, namely, 
the general fact that the stres es tended to distort both dam and 
foundations . The stiffest jelly was not only very much more 
compressible than rock, but owing to vi co ity the distortion was 
spread over a considerably greater distn.nce than in rock, where 
<·mother solution of the indeterminate equations mentioned above 
would be obtained by allowing for transmi . ·ion of the stres ·es to n. 
greater depth through the agency of un heared beams of rock, if a 
sufficient factor of safety wa available. In this connection, he 
would point out that the dam at Jabalpur already referred to, 
although 70 feet high above the lowest ground-surface, was built 
of small rough ba alt blocks set in lime mortar; and it seemed 
unquestionable thn.t, if instead of being regularly, evenly, and 
gradually di tributed by means of tensile strength, the trans-
mitted stre ·es were concentrated, the masoru-y must have failed, 
since lime water was not nen.rly , o . trong a: cement mort<ll". 
It was, <V pointed out by , ir .Benj<tUlin Baker, the right of 
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The Author. engineers, who must alwfl.ys be greatly absorbed in practical 
considerations, to expect of pure mathematicians greater help in 
this importfl.nt matter thfl.n had been accorded of late years ; but 
it was the Author's opinion that in this, as in so many othm· 
engineering questions, theoretical calculations would not carry the 
matter satisfactorily to the ultimate goal, and that practical t ests 
on a fair scale should he instituted. In these days it should not 
be difficult to devise satisfactory means of measuring stresses in 
large model dams, with suitable foundations, tested to destruc­
tion ; and, con. ide1·ing the large issues involved, the Author 
hoped the In titution would ta.ke the matter up. Professor 
Unwin's endorsement of the use of the locking-bar pipe was 
noted with pleasure. Improvement of t he pipe used was, how­
ever, desirable, and was possible in more than one direction. 
The Paper stated that the Commission did not recommend 
the pipe for use because it had not been proved at all in 
practice, and it seemed to the Author that Dr. Deacon, although 
fear·ing misapprehension, simply repeated this. The method 
of coating, or rather of covering, the Dudley gas-mains, referred 
to by Professor Unwin, had been tried on a subsidiar·y main of 
the Coolgardie wat er-supply, but it was too early yet to say with 
what results. The Author was doubtful of the utility of this 
protection on large mains, owing to probable hidden damage in the 
handling. 'l'here seemed to be no doubt that practical experience 
dictat ed concurrence with Professor Unwin in his objection to 
complicated formulas, and the Paper showed that Kutter's formula 
was not employed for the :final pipe-calcula.tions. But, this 
having been said, the Author could not agree that the allowance 
made by the English Commissioners for ultimate friction was 
sufficient, having in view, as the Paper stated, the class of water 
dealt with. This point had been missed by Dr. Deacon and 
Mr. Hanssen. Water drawn for the Perth water-supply from 
fl. r eservoir :filled from a catchment contiguous and similar to that 
of the Coolgardie water-supply had caused serious concretion in 
the mains leading to that town, notwithstanding that the water 
was drawn directly from the storage-1·eservoir a.nd flowed faster 
than· in the Coolgardie pipes. The Perth water held in sus­
pension or solution not only organic matter but also iron and 
alumina (all, of course, in minute quantities), and the concretion 
produced was a totally different matter from the occasional stones 
Mr. Hanssen had seen transported . The extra head allowed for 
ultimate friction amounted to less than 10 per cent. of the whole 
head (fl'ictional and gravitational), and this initial exces would not 
have serious effect on the economy of the pumping-engines : on the 
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other ha.nd, want of sufficient allowance for ultimate frictional head The Author. 

must tend to pr·oduce most disappointing results later on. The 
Author was astonished at Mr. Hanssen's proposal to group all the 
pumping-plant at the weir, and to drive w.ater thence through 350 
miles of unbroken main. Had this been the only way of carrying 
out the work it must have remained undone, as the capital cost 
would have been amazing. In reply to Mr . .Fitzmaurice's queries 
regarding the reasons for placing the main below ground, the 
Author would first note that apparently, according to Professor 
Unwin's and Mr. Carruther's remarks, the English Commission 
had not been in agreement as to the main reason for laying the 
pipes above ground. The former dwelt on the character of 
the soil, the latter on the los from riveted pipes. In the 
Author's opinion even riveted pipes should not have been placed 
above ground, if this could have been reasonably avoided. 'rhe 
scheme was a pumping one, over undulating country, and it 
was always inevitable that long lengths of main would be empty 
from time to time; and when emptying, empty, or filling, 
the strains produced by unequal heating and cooling of the top 
and bottom of the main must have had, in riveted pipes, a serious 
effect in tendency towards increased leakage. It was perhaps a 
pity that the expansion-joints devised by the Commission had 
not been put to practical test, but those in the Colony who had 
studied the effects of the varying sun-temperatures were more 
th::tn afraid that (unless placed very close together perhaps) such 
joints might not fulfil their purpose. 'l'he value of the water was 
comparatively so high, that undetected loss below ground from 
riveted pipes was, the Author thought, the point to be most feared, 
and this having been overcome by the use of another class of pipe, 
it wn.s inevitable that the main should be placed below ground, the 
improved analy is of the soil being a solace rather than a gren.t 
inducement. The extra thickness would have been as great an 
advantage in pipes laid above as below ground. A pipe made of 
i-incli plate was bad enough to handle, and if of -r\-inch plate 
the possibility of damage would have been gr·eater, not only in 
hn.ndling but also when laid, unless expen ively patrolled. The 
eight Venturi meters referred to by Professor Unwin wereiplaced on 
the rising-main, one at each pumping-st~ttion, for the purpose of 
checking the evenness or otherwise of pumping, as well as the 
quantity of water sent forwar·d. They were delicate-or perhaps 
more correctly susceptible-in trument ·, and trouble had been 
experienced at first in their working. When this became more 
successful the Author arranged for additional meter to be placed 
at the er·vice-reservoirs of the variou township . The u. e of 
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The Author. the word tand-pipe, referred to by 1\Ir. H awksley, wa po sibly 
misleading, since tbi term had come to be applied to a vertical 
pipe used for a pecial purpose. The pipes r eferred t o in the Paper 
were vertical and, of co~ e, considerably above the ground ; they 
were for the purpose of overcoming water-hammer, and not for 
p1·oducing pressuxe. The explanation given by Mr. Carrutbers as to 
the reasons for the extra cost of the pumps over ·his originfl.l figures 
pointed more strongly, in the Author's opinion, to the doubtful 
expediency of installing much more expensive machinery; since if 
for two classes of pbnt the total working-eo ts (including interest, 
lepreciation and working expenses) were equal, it was better, 
and certainly less ri ky, to choose the plant entailing less capital 
expenditure. Thi would have been done had the Author been in 
supreme charge at the time when choice was being made. There 
wa- no doubt, however, as to the high duty of the plants 
installed. A complete Table howing all data, also the coefficients 
employed and the results obtained step by step, bad been placed 
on record in the Institution, and it need therefore only be stated 
that the duty-tests had been most carefully made ; moreover the 
Author had bad the whole watched and concurred in by the Chief 
Mechanical Engineer of the State. Prior to the test-runs, all 
team- and water-gauges, thermometers, weighing-machines, etc., 

were tested and their errors noted. The slip of the pumps was 
asc rtained by three initial tests on different days, the water 
pumped each time being from a measured 10-foot zone of the 
uction-tank, and amounting to 310,220 gallons. The length of 

stroke was measured every 5 minutes, electric signals f1·om the 
tank intimating to the engine-counter reader when the top and 
bottom re pectively of the zone had been reached. Samples of 
coal from various parts of the heap to be used were taken, 
and their calorific values were obtained independently by means 
of Darling, Thompson and Carpenter calorimeters ; and similar 
care was taken with the a h-pit residue. The state of the fires, 
and th height of the water in the gauges at the commencement of 
a test, were noted, and both were brought to the same condition by 
the end of the test. It had not been possible, owing to the way in 
which the specifications were drawn, to follow in the tests exactly 
the lines laid down by the Institution, but had these been worked 
on, the duty obtained would have been still higher, for the air-pump 
discharges were run into a receiving-tank, and the temperature of 
the in flowing water was a lopted as that of the conden ed steam 
returning to the boilers in ordinary working cotu' e. The1·e was 
no doubt that, as mentioned by Mr. Fitzmauxice, the service­
r eservoirs, specifically o termed, we1·e small compared with what 
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would be provided usually; but the Author had determined that The Author. 

they should be sufficient at any rate to begin with, for he had 
provided by-passes at each, so that any one could be thrown out 
of working without disturbing the daily supply. Moreover, the 
main was of wrought-iron, and therefore not subject to the bursts 
which might be expected in a cast-iron main, and, in addition, the 
main was kept under as low a head as po sible by regulating the 
outfl.owing discharge from Bakers Hill, West N ortham, Bulla 
Bulling, and so on, instead of by mean of valves at the re pective 
rece1vmg-reservoirs. When the demand increased largely, it 
would no doubt be advisable to increase correspondingly the capacity 
of the ervice-reservoirs. The advantages of the circular form in 
service-reservoirs, to which Dr. Deacon had drawn attention, were 
more or less generally acknowledged ; and where deemed advisable 
the circular form 1had been adopted in the service- and suction-
reservoirs of the Coolgardie water-supply, though this was not 
stated in the Paper. The relative advantages of thick and of thin 
linings, also raised by Dr. De::tcon, must always be one for argu-
ment; and, per. onally, the Author preferred to expend £1 at once, 
and another £1 20 years after, rather than £1 15s., or even some-
what less, to begin with. The general statement, referred to by 
Mr. Fitzmaurice, as to the improvement of mortar by the use of a 
propor tion of loam in lieu of the same quantity of sand, was, of 
course, not based on the Author's opinion, but on the results 
obtained by Professor Sherman. The tests canied out for the 
Bulla Bulling reservoir confu'med that writer's re ult , and the 
Author would like in this connection to draw attention to the 
universal Indian practice of adding clay more or less burnt to pure 
limes. The clay was added in the presence of water, and un-
que t ionably a stronger and more hydraulic mortar was pro-
duced than if the place of the clay had been taken by an equal 
quantity of sand. It was possible that similar good effects were 
p1·oduced by combination of clay with the free lime present in 
most Portland cements, but extreme care was nece ary, as Mr. 
Hawksley had pointed out. 

Correspondence. 
Profes or J . CAJ\IPBELL BROWN, of Liverpool, agreed that the Prof. Brown. 

theoretical 1·equi1·ement for a good coating for iron pipes were as 
stated at p. 27 . These desiderata, however, were not obtained by 
the practical means mentioned on p. 33. Not only at Coolgarc.lie, 
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Prof. Brown. but also elsewhere, Trinidad asphalt was being employed instead 
of pitch, with gas-tar, for the pm·pose of coating iron pipes. But 
natlll'al asphalt contained only about 14 per cent. of the matter 
which was really aluable for protecting iron pipes, namely 
pitch, the J·emainder being mainly calcium carbonate. This 
large amount of mineral matter was good for paving purposes, 
but for coating iron it was not only useless, but positively disad­
vantageous. It thickened and hardened the pitch with material 
which did not help to make the pitch adhere to the pipes, and 
which was gradually dissolved by large quantities o£ water con­
taining carbonic acid or other substances which act ed upon lime­
stone. Accordingly, hard pitch from ga works would be worth 
more than seven times as much as natural asphalt for mixing with 
coal-tar for the inside coating of water-pipes. For the outside it 
was not of so much importance, because there the coating might 
be thicker, and the pipe might be embedded in asphalt of consider­
able thic]mess with advantage. 

lllr. Brucc. Mr. A. FAIRLIE BRUCE observed that the proportion of r ainfall 
actually found to flow off the Coolgardie catchment-area was in 
accordance with the general experience that, with small precipi­
tation, the percentage received in the reservoir was much less 
than in the case of a heavy fall, as the former generally con­
sisted more largely of light local showers, and the water was re­
evaporated or ab or bed before it r eached the waterco\.U'ses. No 
doubt the small percentage collected was also due in part to the 
gathering-ground being so heavily timbered. Rainfall observa­
tions were liable to be very misleading, especially in a large area, 
unless a considerable number of rain-gauges were distributed over 
the area so as to give a true average result; as the amount of rain­
fall was greatly influenced by elevation and exposlll'e. The 
experience in Bombay had been that the mean rainfall at Tansa 
Lake, at a height of 362 feet above sea-level, was about 108 inches, 
at Tulsi Lake, 370 feet high, 104 inches, and at Vehar Lake, 190 feet 
h igh, 84 inches. As meas\.U'ed by the rain-gauges, which were 
situated at or near the dams, about 50 per cent. of the total rain­
fall reached the Tansa, and almost 65 per cent. the Tulsi and 
Vehar Lakes; but as much of the gathering-grounds, especially 
those of the two latter, wer e much higher than the rain-gauges, 
it was believed that ·a deduction of 10 to 20 per cent. should be 
made from the e figlll'es, to obtain correct r esults. The inaccessi­
bility of the S\.U'rounding hills, which were thickly clothed with 
jungle, prevented rain-gauges from being established on them. 
The Author was to be congratulat ed on the general design and 
water-tightness of the weir, though it appeared to Mr. B1·uce 
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that the outlet-works might have been modified with advantage; Mr. nruce. 
for exa.mple, by making provision for the fixture of temporary 
external sluices, to enable the working ~luice to b.e repaired in 
C;1.Se of need, as had been done at the st~1ines resel·voirs. The 
iron stand-pipe in the valve-tower appeared to be somewhat 
nnnece sary. It would have been an improvement bad the outer 
valve-chamber been transformed :into a screening-well, as external 
screen were liable to damage and provided a very small area. 
The pre~'l.utions taken to pmtect the toe of the dam from the 
effects of scour by water flowing over it were wise, .though the 
irhpact might have been further reduced had the outer face· been 
stepped or rock-faced. At Tan a, whe1·e of com'se the body of 
water flowing over the portion of the dam u. ed as a waste weir 
was much hrger, nullahs, 20 to 30 feet deep and 50 to lOO feet 
wide, had been cut by the water, and ooner or later protection 
w01·ks would become necessary; a ah·eady at one or two point the 
erosion had approached nearer to the foundations than was alto-
gether desirable. The locking-bar pipe adopted seemed to have 
been in every respect the most satisfactory form of pipe that 
could have been used, as, in addition to avoiding the lo s of strength 
due to riveting, considerable longitudinal stiffness was imparted by 
the bars. It would be interesting to know if the coating was prov-
ing ]urable, and if a perfectly smooth internal surface had been 
obtained. In America, where several asphaltic compositions had 
been employed for coating steel pipes, they were usually baked in 
an oven to harden and improve the surface. The Author did not 
mention whether yarn had been used in making the joints, or if 
not, what method had been adopted to prevent lead from running 
into the pipes. On the Gla gow waterworks, where the 48-inch 
piles were jointed with collars of omewhat similar design, this 
was effected by means of internal rings, which were removed after 
the joint was run, when it was staved internally as well as 
externally. The reduction of diam ter at the valves might have 
been carried even further with considerable advantage. Mr. 
Bruce had for some year employed 24-inch valves for 48-inch pipes, 
and 18-inch val e for 32-inch pipes, small valves being cheaper in 
first co t and much more easily manipulated, repaired, or replaced, 
than those of the full diameter of the pipe. Kutter's formula was 
quite unnece sarily complicated for calculating the discharge of 
I ipe , that of Darcy being much simpler and more logical. 
Applying it to this case with a coefficient of friction of 0 · 00345, 
the re ult obtained by the Author would appear to be about 18 per 
cent. les than they ought to have be n for new and well-coated 
pip s; and it would be intere ting to know if there was anything 
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l\Ir. l3ruco. in the roughness of the coating, or any hiction clue to the projection 
of the bar into the cro ·s section of the pipe, which would account for 
this. 'l'he following were the results of some experiments made 
by Mr. Bruce on the discharge of large pipes:-

Below 
No. Diameter. Age. Calculated 

Quantity. 
Length. Situation. 

---
Inches. Years. Per Cent. Miles. 

1 48 New 1 1 Glasgow 'Vaterworks. 
2 48 10 7 11 Bombay 

" 3 32 42 34 13 
" " 4 24 24 32 16 
" " 5' 24 24 19 16 
" " 6 24 16 30 13 
" " 

1 No. 4 after being scraped. 

The cove1·ing of the pipes with earth would appear to have 
been a wi e step, though the banks would demand constu.nt 
attention to prevent them fl-om being washed or blown away. 
E xperience in Bombay bad shown that where pipes were laid 
below ground in dry earth, free from salt or organic impurity, 
they bad remained for nearly 50 years practically tmaffected by 
corrosion; whereas others laid above ground bad been more or less 
attacked in a quarter of that period. They also required frequent 
caulking, owing to the expansion and contraction due to variations 
of temperature. Concrete lining on slopes, such as that employed 
in the service~ and regulating~re ervoirs, was usually found to give 
trouble, !though it was po sible that the system of reinforcement 
adopted Jmight suffice to prevent the tendency to crack owing to 
slight subsidence, which generally occurred sooner or later. Had 
the floor been a I halted the thickness of concrete might have 
been safely reduced to about 6 inches, without danger of leakage. 

Mr. Orowcll. Mr. Fo. TER CROWELL remarked that the Pap r, be ides being 
an instructive record of excellent work, contained useful sugge ~ 
tions of general bearing. For example, the fact cited in regard 
to the faults discovered in the rock bed at the site of the Helena 
w ir bowed the meagre value of preliminary borings and trial­
·hafts as indicators of the conditions of any rock formation, with 
reference to its continuity and reliability for the purposes of a 
dam. This was a not infrequent experience, and had been 
marked by many striking examples, a prominent one being 
the ew Croton dam, of the New York City waterworks, 
recently completed, where extensive and careful preliminary 
explorRtions had b n made, but whcr err ::tt discr pn.ncios 
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had been disclosed later by the complete excavations.1 It Mr. Crowe!l. 
might be set down almost as an axiom that the suitability of a 
particular rock formation for the foundation of a dam could not 
be known definitely until the final excavations were actually 
made : nevertheless, it was customary for engineers to proceed 
with the design, make the preliminary estimate of cost, and 
award the contract, as if the borings and trial-shafts were quite 
sufficient, trusting to luck or depending on judgment as to 
whether the indications were comprehensive. If afterwards 
serious geological faults were disclosed by the excavation, a change 
or abandonment of site might become nece sary, or at least 
desirable; but usually in such cases one of two courses was 
adopted, either going deeper-involving increased quantities and 
cost, and perhaps disclosing new difficulties-or resorting to some 
more or lest unsatisfactory artifice with attendant risks. Guided 
by past experience, he had adopted some time ago a rule to assign 
only negative or tentative values to pr liminary borings ; that was 
to say, the absence of rock would be a positive indication of un­
suitability, but no other indications would be considered positive 
until corroborated. Carrying out this principle in preparing 
plans for a masonry power-dam at St. Joseph's, N.Y., in 1903, 
subsequently built under his direction, he had decided to ascertain 
actual conditions by uncovering a large part of the proposed site 
down to bed-rock at the owner's expen e, before completing the 
plans and specifications or inviting tenders. There had been 
special reasons for precautions here, owing to the fact that the 
proposed structure was to take the place of a former dam which 
had failed because of defective fotmdations. Fortunately, favour-
able conditions had been found; but even if it had turned out 
otherwise, the extra expense entailed in that contingency, re-
garded as insurance charges against a muoh greater loss, would 
have been amply justified, and he would advocate a similar 
course in all important ea e . It was of interest to note the 
growing co-ordination of recognized engineering methods on 
modern works, throughout the world. It did not often happen, 
of cour e, that conditions were p1·eci ely the same in different 
countries; but, especially during the past few years, it had come to 
pass that, given like general conditions, the treatment resorted to 
by engineers was apt to be carried out on closely similar general 
lines. Even in the details, and in the technical terminology employed 

1 C. S. Cowen, "The Founchttions of the New Croton Dam." Transactions 
American Society of Civil Engineer , vol. xliii. p. 469. 
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Mr. Crowell in describing results, the same was true; so that in reading and 
studying. in America this Paper, written of work carried out in 
Australia-which, to Americans, was one of the uttermost parts 
of the earth-no glossary was required in order to arrive at a 
full understanding; while the work described was excellent 
and up-to-date, if, indeed, it was not distinctly in advance in 
several respects. The pipe-line was noteworthy, in respect of both 
the use of locking-bar pipe, and the very ingenious and effective 
caulking-machine; its great length and high working-pressures 
gave it rank among notable metal conduits ; and it very fine 
results, as shown in the Paper, were matters of congratulation to 
designer and maker alike. The discharge-capacity of locking-bar 
pipe compared with riveted pipe of equal diameter, as shown by 
the tests, was a matter of great interest and importance, and it 
was to be hoped that the Author would supplement these te ts 
from time to time with others, to determine the effect of use on the 
degree of roughness and on the capacity. It would be agreed by 
all interested in hydraulic matters that there was hardly any 
subject connected with tho science of water-supply that was 
so greatly in need of reliable data as was the question of flow in 
pipes; and the Coolgardie conduit, with its arrangement of receiv­
ing- and regulating-tanks, afforded peculiar facilities for making 
exact and reliable determinations. There were a number of other 
points, such as durability and progressive leakage, permanence of 
pipe-coating, etc., which periodical tests would bring out. So far 
as Mr. Crowell knew, it was not usual to pay great attention to 
the procurement of such data ; but they would prove of great 
value if ystematically collected and published. 

Mr. Fairloy Mr. WrLLIAM FAIRLEY thought that the description of the 
pumping-machinery might have been enlarged with advantage, 
con ide1·ing the very important part it played in the succes. of the 
works. It would appear that, from the initiation of the scheme, 
considerable uncertainty was entertained as to exactly bow much 
water would be taken during the fir t few years after the corn ple­
tion of the works ; the quantity having been put as low as 1 million 
gallons per day. In these circum tances, while it might have been 
advisable to construct the conduit to the dimensions neces ary to 
deliver the full quantity provided for in the scheme, the necessity 
for providing the pumping-machinery on a similar scale was not 
apparent fl-om the information given in the Paper. In the first 
foux stations there we1·e provided ' three units, each approximately 
of 300 HP. and equal to one-half of the requirell capacity, with 
one of the units, or one-thiru of tho total power, in reserve. 
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Boiler-plant was provided on a similar cale, and this arrangement ll1r. Fail·Iey. 

appeared to give a afe re erve and to be particularly suited to the 
case. In the remaining four stations, however, only two uruts 
were provided, each equal to the required full capacity, one of the 
units being spare, with boiler-plant similar. The rea on given for 
this variation was that economy was effected by having the whole 
of the team end of the engines to the same patterns, thereby 
reducing initial outlay and the number of spare parts to be kept 
in stock: but in a scheme of such magnitude, where about twenty 
sets of engines were required, sufficient aving by having one size 
of engine in tead of two or three different sizes, was not apparent. 
Certainly from the engine-builder's point of view it was conv nient, 
and might mean not only that he realized ome little economy in 
con tructing in the shops, but al o that power considerably above 
actual requirements had to be installed in four stations. The 
advantage of having all spare part to the same standard for eight 
stations, spread over 300 miles of country, did not a1 pear to 
counterbalance the serious expense in providing additional engine-
and boiler-power. It did appear that if three unit ·, as in the first 
four station , had been provided in the remaining four, giving each 
station one-third reserve, a very considerable saving would have 
been effected; and in any case the smaller units for pumping and 
for steam-generation would have lent themselves more readily to 
economical working in the early years, should the demand be less 
than originally estimated-which Mr. Faii·ley under ·tood was the 
case in this instance. Instead of 6,068 HP., as shown provided in 
the Paper, 5,463 HP. would appear to be sufficient if two tandard 
sizes had been adopted instead of one. The difference, at £48 per 
RP., amounted to about £29,000. The practice of putting down 
two units, each equal to half the maximum demand, and adding 
the r eserve third as soon as required, would appear to be more 
economical, and might have been applied in this instarwe; there 
would have been considerable saving in the capita.l cost and also 
no difficulty in adding further pumping-power as required in the 
future . On p. 42 the Author mentioned that the feed-water was 
passed through a heater placed on the exhaust-pipe leading to the 
condenser. Mr. F airley would be glad to know if experience had 
shown any gain from this arrangement. Also, had the Author 
found any difficulty in keeping each pumping group doing its 
exact amount of work, due to the tendency in this type of pumping-
engine to run hort stroke ? 

Mr. A. PRESCOT'l' FoLWELL, of Easton, Pa., remarked that, while it Mr. Folwcll. 

could hardly be questioned that the yield of each catchment-area 
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Mr. Folwell. was a law unto itself, it was also true that watersheds similady 
located had many characteri tics in common; and in view of the 
apparent similarity in several respects between the Helena basin 
and many of those in the south-western part of the United States, a 
brief statement concerning these latter might be of interest. Along 
the Pacific coast of Southern California ran a range of motmtains, 
east of which lay about 80,000 square miles of country, between 
4,000 feet and 10,000 feet above sea-level, which had a mean annual 
rainfall varying between 2 · 8 inches in the . ·outh and 7 inches in 
the north, with an occasional year of practically no rain at all . 
As an illu tration of the yield in this region, in 1901 one area of 
4,000 quare miles yielded 0 ·185 inch, and two others, of about 
23,500 square miles each, yielded 0 · 246 and 0 · 2785 inch, re pec­
tively. In the mountainous region to the west the mean rainfall 
varied between 5 inches and 60 inches per annum, and several 
re ervoi1·s were located there. Typical of many of these was the 
Sweetwater, which was notable in possessing fairly complete 
records of rainfall, evaporation and yield on the drainage-area, 
dating back to 1888. The rainfall and the ratio of the yield 
thereto were given in the following Table, the years extending 
from September to August inclusive :-

RAINFALL AND YIELD ON THE SWEETWATER CATCBMENT·BASIN. 

Year. Rainfall. Ratio of Yield Year. Rainfall. Uatio of Yield 
to Rainfall. to ltainfall. 

Inches. Per Cent. Iuches. Per Cent. 
188 -89 21·00 12·000 1896-97 24 ·91 2·670 

1889-90 25•71 14·000 1897-98 18·18 0·003 
1890-91 23.40 9•000 1898-99 18·51 0·135 
1891-92 17·14 4•000 1899-1900 19·10 0 
1892-93 20·00 8·000 1900-01 23·65 0·368 

1893-94 14 ·76 1·ooo 1901-02 20•29 0 
1894-95 27·14 26·000 

1895-96 19·54 0·517 Mean 20·95 5·55 

Practically all the rain fell between September and April, 
or during about the same length of time as the rainy season at 
Mundaring; and it was seen to be ap_proximately similar to the 
rainfall there in both quantity and variations. The percentage 
running off", however, averaged almost five times as much a.s at 
Mtmdaring. In Fig. 35 the rainfall and the percentage of yield 
for each of the ·e two wa.tersheds wa.s plotted, and a remark-
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able similarity between the 
two was evident, both showing 
what the P aper referred to, 
namely, that the ratio of yield 
to rainfall was even more vari­
able than the rainfall itself ; 
also, that extremes of rainfall 
were likely to be accompanied 
by still greater extremes in the 
yield-ratio, the ratio-curve al­
ways moving in the same direc­
tion as the rainfall-curve. At 
Mundaring, however, this ratio 
had not reached zero, and it was 
to be hoped that it might never 
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do so ; but in all the dry regions 
of the United States such a con­
dition was likely to occur more 
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ages of yield were due to 
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days. The last seven seasons 
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on the Sweetwater conveyed a 
lesson which would not soon be 
forgotten in that country, for in 
only one of these had the yield 
equalled the. evaporation from SWEETWATER 1896-1903 

the reservoir (annually 15 to 
20 per cent. of the reservoir's 
capacity), which had con e­
quently been almost entirely 
empty for 4 years, although 
having a capacity of about 
three times the consumption. 
It was possible that the appa­
rent similarity between these 
two cases was but superficial; 
but if not, the storage allow­
ance at M undfl.I'ing, equal to 
2 years' consumption, was not 
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Mr. Folwen. only not excessive but might prove disastrously small, and the 
drainage area itself insufficient, a the Author considered it to be. 
Calculation based on Fig. 5 (p. 12) and Table IV. of the Appendix 
showed that the Mundaring reservoir would apparently lose by 
evaporation about 780,000,000 gallons per annum when full, and 
about one-fifth of this amount when half full. If it had been full 
at the beginning of 1901, and if the daily consumption had been 
5,600,000 gallons, it would have been lowered during 1901 by 
about 1,267,000,000 gallons, and during 1902 by about 185,000,000, 
leaving less than 1,500,000,000 gallons to tide over a possible third 
dry year; while two successive years like 1902 would completely 
empty the reservoir. It would seem probable, therefore, that the 
fears of the Author were well founded, and that a study of the 
rainfall and yield of this and adjacent basins should be continued, 
so that before the consumption reached 5,000,000 gallons per da.y 
definite plans for increasing the storage, and especially for increasing 
the yield, might be decided upon and carried out. 

Mr. Fuertes. Mr. J AMES H . FuERTES observed that the yield of streams 
depended primarily upon rainfall; yet, under ordinary conditions, 
the fluctuations in yield might be in no definite degree propor­
tional to the fluctuations in rainfall . So far as actual rates of flow 
were concerned, each stream was a law unto itself. Two streams 
with similar adjacent watersheds, with the same annual rainfall, 
and with apparently identical conditions in all re pects, might show 
wide differences in ordinary rates of flow; and attempts to deduce 
actual monthly flows from rainfall-records could in mo t cases r esult 
only in rough approximations, likely to be in error by anything 
between 5 per cent. and several hundred per cent., the likelihood 
of large errors in the percentage being greater with small than with 
large rainfalls. Within the limits of the United States there existed 
meteorological and other conditions, which, in different localities, 
conspired to produce stream-flows ranging from practically the entire 
rainfall to practically nothing. The Yakima River in the north­
west, for instance, had a normal yield considerably in excess of the 
normal rainfall, as reported, the excess being derived from the 
melting of the snow in the high mountainous regions. On the other 
band, there were stre>~.ms in the desert lands of the west which were 
practically dry throughout the greater part of the year. While the 
conditions indicated by the very low yield of the Helena River and 
its tributaries were extreme, they had been approached by certain 
1·ivers in the United States ; and in one at least, the Cimarron 
River in Colorado and K>~.nsas, the annual rate of off-flow had beeJl 
very much lower than the Helena gaugings had so far indicated . 
The Cim"'rron (with a watershed of 5,200 square miles) discharged 
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in 1896 only 0 · 004 inch of rainfall from its watershed, this being Mr. Fucrtcs. 

only one-tenth the rate of flow shown by the Helena in 1902. 
Similarly, in 1896 the Arkansas River at Hutchinson, Kan., with a 
watershed of 34,000 square miles, gave a yield of only 0 · 06 inch 
of rain, the average rainfall over the watershed for that year being 
about 20 inches. These wide variations in rates of flow showed, 
as the Author stated, the extreme caution neces ary in estimating 
stream-flows in dry countries, where important works would 
depend for their usefulness and efficiency upon the water collected. 
The most important point for determination, in countries where 
the normal yield was small, was the minimum annual flow 
to be expected for different annual rainfalls below the normal. 
In such countries the amount of storage necessary was us-qally so 
great that actual minimum flows, or minimum monthly flows, were 
not of much significance. In some cases it was also important to 
know what the minimum annual flow for two or even three 
successive years might be. In arid countries it was not unusual 
to have two consecutive ya'trs during which stream-flows might be 
extremely small. For instance, in 1896, 1897 and 1898 the total 
annual flows of the Arkansas River at Hutchinson were respectively 
equal to but 0·06, 0·07 and 0·12 inch of rainfall on the watershed. 
Viewed in the light of the gaugings quoted hereafter, it was 
therefore quite probable, as the Author suggested , that the 2 years' 
storage originally provided in the Mundaring project might not 
prove sufficient, with the present watershed, to tide over a cycle 
of dry years and to afford a constant daily supply of 5! million 
gallons. The annual precipitation and its seasonal distribution 
appeared to be the two principal factors determining the annual 
yield . of streams; and, of the two, the seasonal distribution un­
doubtedly had the most direct effect. For instance, the flow of the 
M:uskingum River in 1888, with 42·6 inches of r ain, was 10 · 3 
inches from the watershed, while in 1893, with 42 · 36 inches of rain, 
the yield was 16 · 2 inches, an increase of 57 per cent. with a 
slightly smaller rainfall. In the first case about 25 · 5 inches 
of the total precipitation occurred during the months June-
"ovember inclusive, and 17 inches in December-May, while in 

the second case the conditions were reversed. The only other 
condition appearing to exert much influence on the yearly 
flow was the relative capacity of the watershed to absorb water, 
and subsequently to give it up with a comparatively small evn.pora­
tive loss. Dense forests and abnormal gl'ocmd-storage seemed to 
be favourable to such conditions, for numerous ob. ervations sup­
ported the view that horn atca. covered with large dense fore t · the 

n 2 
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Mr. Fuertes. yield was uniformly larger than from those not so protected. In 
order to show this effect, however, the forests must be so thick as to 
afford dense shade, to maintain the atmosphere near the ground in a 
moist condition, at a comparatively constant temperature, and to pre­
vent the winds from blowing over the ground ; ordinary patches of 
forest-area, second growth, or scrubby timber and bushes, had practi­
cally no effect towards increasi~g stream-flows. The foregoing 
remarks applied, of course, only to total annual yield, and apparently 
the size of the watershed, and its geological and topographical features, 
had little effect on that yield . These views were substantiated 
by the following data (p. 101) relating to the annual flows of several 
rivers. The yields tabulated were the smallest recorded flows, result­
ing from the stated annual rainfalls, which appeared in such records 
as had c·, me under his notice. For instance, if on any stream a rain­
fall of 42 inches occurred in several different years, giving different 
yields, that year had been selected for tabulation which gave the 
smallest yield, if it was unusually low for the given rainfall ; if 
the flow was not unusually low it had not been tabulated. Thus a 
given stream might appear in the tabulation only once, or it might 
appear several t imes. The yields tabulated were not necessarily, 
therefore, the minimum flows of the various streams. For 
instance, the yield of the Muskingum in 1895, with a rainfall 
of 29 · 84 inches, was but 4 · 9 inches ; this, however, was a 
greater relative yield than 10 · 3 inches in 1888 from a rainfall 
of 42 · 6 inches. For this particular stream none of the annual 
flows, with the exception of that for 1888, were extraordinarily low 
in proportion to the rainfall. The 1888 gauging alone, therefore, 
had been given. The tabulation included rivers with water­
sheds ranging from 18 · 9 square miles to 54,900 square miles in 
area, and at elevations varying between the level of the sea and a 
general altitude of 6,000 or 7,000 feet above sea-level. In mean 
annual t emperature the districts represented varied between 40° F. 
and about 65° F., and in mean annual rainfall between 10 inches and 
55 inches. Topographically, nearly every conceivable type was 
exemplified : rivers in mountainous districts, in deforested plains, 
in ordinary rolling country, in arid deserts, and in flat country 
dotted with lakes. Streams from beavily-forested areas, in the 
sense previously described, were not included in the tabulation, 
there being very few streams is uing from such districts in the 
United States for which long-period gaugings were available. 
Since in most cases where stl'eam-flows had to be estimated, only 
rainfall-records were available, all such estimates must be based 
on comparisons with other streams which bad been gauged, and in 
order to render such comi arison. of value, the nature of the streams 
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EXCEPTIONALLY SMALT, AN:~>.'UAL S•rREAM-FLOWS Il.ESULTING li'ROM CBRTAIN Mr. Fucrtes. 
ANNUiL I!.AINFALLS, ON VARIOUS WA'rERSBEDS. 

Stream-!lows eKpressed in Inches of Rainfall running oil' from the Watershed 
during the Year. 

River. Drainage Area. Rainfall. Yield. Y ar. 
---------------1-------------------
Arkansas, Hutchinson, Kan. 

, , , 
, Rocky Ford, Col. . 

Broad, Carlton, Ga. 
Cimarron, Arkalon, Kan. . 
Cobbosseecontee, G01·diner, Me. 
Lake Cochituate, Mass. 

,, 
" 

, , 

" 
" 

De;~laines, 'Rivers.ide, rii. 
Elkh~rn, Norfolk, Nob." 
Gene ee, Mt. Morris, N. Y. 
Green, Blake, Utah 
Helena, Australia . 

" 
" 

" 
below weir 

JaO::~s, Buch~nan, Va. 
Jefterson, appington, Mont. 
Kansas, Lawrence, Kan . 
Muskingum Zanesville, 0 . 
Mystic, Mass. . . . . 
Neshaminy, Forks, Pa. 

Ocm~lgee, Mac~n, G~. 
Perkiomen, Frederick, Pa. 

Poto~ac, Great Falls, M~l. 
Pre umpscott, Sabago Lake 
Rio Grande, S. MarciaJ, N.M. 
Smoky Hill, Ellsworth, Kan. 

Sol~::Uon,'Niles, ican. 
South Platte , Denver, Col. 
Sudbury, Mass. 

Tohi~kon , P~: . 

Square Mi les. 
34 ooo ·o 
34:ooo·o 
11, 440 ·0 

762·0 
5,200·0 

230·0 
18•9 
18·9 
18•9 
18·9 
18·9 
18·9 
1 ·9 

339·0 
339·0 
339·0 
339 •0 
630•0 
630·0 

2,474•0 
1,070·0 

38,200 ·0 
569·0 
569·0 
569•0 
569·0 
569 ·0 
569•0 

50•0 
50•0 
50·0 

2,058 •0 
8,984•0 

54,891•0 
5,828•0 

26·9 
139 ·3 
139 ·3 

2,425•0 
152 ·0 
152•0 

11,880 •0 
470 •0 

28,067·0 
7,9 o·o 
7,9 o·o 
6, 15·0 
3,840·0 

7 ·o 
7 ·o 

102·2 

Inches. 
20·4 
2!>•0 
16 ·5 
5G ·O 
15·0 
47 · 0 
46· 0 
61·5 
5 ·5 
58·0 
50·5 
56·0 
67 ·5 
47 · 8 
56 ·0 
59 ·3 
60·3 
32·5 
33·5 
26 · 1 
40•7 
12•5 
19•3 
24•5 
25·0 
27 ·2 
30•8 
33 ·3 
35•0 
36•0 
40 •0 
41·9 
18 •0 
26·0 
42•6 
50 ·4 
44 •4 
67·0 
50•0 
49·7 
66 · 8 
51 •1 
59·2 
10 •0 
25·0 
26·0 
25·0 
11•5 
44•5 
52·1 
6 ·o 

I nches. 
0·06 
0•12 
0 · 64 

21·4 
0·004 

14•0 
14•5 
15·8 
20 ·0 
22·5 
23·5 
26·5 
27·0 
17·98 
25·1 
28 · 9 
32 · 6 

3 ·0 
5·0 
0•94 

12 ·80 
2·50 
0·04 
o·o8 
0·17 
0•23 
0 ·46 
1 ·16 
2·30 
3 ·60 
7· 40 

10· 8 
0•34 
0·86 

10• 3 
16•3 
16 ·6 
35•8 
15•4 
17 · 3 
36·1 
15 •3 
23·8 

0 •36 
0•12 
0·13 
0• 29 
0·61 

16·6 
22 •3 
42·0 

1896 
1898 
1898 
1898 
1896 
1 92 
1876 
1866 
1869 
1867 
1895 
1898 
1863 
1871 
1882 
1898 
1888 
1895 
1895 
1897 
1896 
1897 
1902 
1897 
1901 
1 99 
1898 
1900 
1899 
1901 
1900 
1896 
1 98 
1898 
18 8 
1895 
1 96 
1 89 
1898 
1896 
18 9 
1 86 
1888 
1 96 
1897 
1 98 
1898 
1 96 
1 92 
1 95 
1 9 
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1\lr. Fuortes. used for compa.rison should be known. It was proper, therefore, 
in onler to render the foregoing data of practical value, to state 
briefly the general character of the watersheds from which the e 
stream flowed. In these descriptions, the term "deforested" did 
not necessarily mean entil·ely devoid of vegetation, but referred to 
watersheds which might contain a considerable amount of fore t­
aren., if open, or scattered in patches, as already explained. 

A•·kwnsas River, above Hutchinson, Kan .-PracticaUy totally deforested . 
Rises in mountains of Colorado, but princip1\l part of watershed is in the rolling 
prairie~ of Colorado and Kansas. Since 1887 large quanti ties of water have 
been di\' Crted at the head-waters in Colorado for irrigation in that taLc. 
The effect of tllis diversion, wllile signiftcA.nt, will not account entirely for t he 
very low flows. Not a very large percentage of watershed under cultivation . 
Mostly mnges. Elevation generally from 2,000 to 3,000 feet above sea-level. 

Ci?fU11TOn River, above Akalon, Kan.-Totally deforested ; at times disappca•·s 
in ground by percolation at 1 arts of i ts course, reappearing again above ArkA.lon . 
Hate of flow small and generally without much fluctuation. Watershed 
lies 3,000 to 4,000 feet above sea-level, and is largely devoted to cnttle-mnches. 

Cobbosseecontee and Preswrnpscott Rivers, in Maine.-,Vatersheds comparatively 
flat laud, largely covered with more or less open forests, but large percentage of 
exposed water-surface in lakes and ponds ; about 500 feet above sea-level. 

Cochituate Lake, in Massachusetts.-Similar to Sudbury , but a much larger 
percentage of water-surface and marshy land. 

C•·oton RivC?·.-Much broken with high steep hills; considerable second 
growth and open forest-lauds in south-ea.stern ew York, •tbout 500 feet above 
sea-level. Fair proportion under cultivation. 

Desplaines Rivcr,- Deforested rolling prairies in Illinois ; considerable 
cult ivated areas. 

Elkhorn, Kwnsas, S1noky lliU, cvnd Solo?non Rivers.-Streams in Kansaa and 
Nebr-..tska. Rolling prairie country, totally deforested. All 1,000 to 2,000 
feet above sea-level. Watershed partly in pasture land, partly under cultivation. 

Genesee Rive•·, above Mt. forris, N . Y.-Rolling hilly country in New York 
and Pennsylvania. Considerable timber on portions of watershed and a good 
deal under cultivation. Mostly good farming-country. General elevation 
1,000 to 2,000 feet above sea-leveL 

Grem Rive1·, above Blake, Utah.-Deforested ; rises in ·Rocky Mountains in 
Wyoming, flowing south to join Colorado. " 'atCJ-shed above Blake, 6,000 
to 7,000 feet above sea-level; generally rolling elevated plateaus. ValleyR 
generally very wide and flat, and frequently deeply depressed below the elevated 
table-lands. 

James River, above Buchanan, Va.-In mountains of Virginia. Genen•l 
elevation 1,000 to 2,000 feet; hills and mountains qnite generally covered with 
second-growth timber. Small proportion under cultivation ; several broad fbt 
valleys, amounting to perhaps 10 per cent. of watershed, entirely cleared . 

J~f!erson River, above appington, Mont.- At head-waters of Missouri River, 
in Montana, in mountainous coun try. Considerable timber and fair proportion 
of open wide valleys. Gen01·al elevation 5,000 to 7,000 feet 1\bove sea-level. 
M~<skingum Rive1·, above Zanesville, 0.-Defore ted. I oiling prairies in 

south-eastern Ohio; a good portion under cultivat.iou, mostly farming-country, 
about 1,000 feet above sea-level. 

Jl/y.~tio Rivc>·.-Iu :Massachusetts; genen>lly similar to Sudbury. 
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1\'eshar,iny, Perkiomcn and Tuhil'kun Uneks.-Adjoining waten;beds in Penn- 1\.Ir. Fuertcs . 
• yh·ania; deforested f.u·ming-connlry in roll ing hills about 500 feet above 
sea-level ; about 25 miles from Philadelphi:t. 

Oermtlgce Ilium·, above Macon, and Br·octcl River·, above Carlton .- Streams in 
Georgia. Considerable timber-land on watersheds, but not sufficient ly dense 
to affec t stream-flows noticeably ; mostly rolling coun try 500 to 1,000 feet above 
sea-level. 

Potomae Rivc1·, above Great Falls, l\1d.-Generally mountainous and hilly, 
with broad open valleys ; considerable proportion of valleys under cultivat ion ; 
mountains largely covered with open timber_ 

Rio Granclc R iuer, above S. Marciai. - Deforested; head-waters rising in 
mountains. More or less timbered land along tream and its tributaries. Large 
part of wate1·shed in arid plains. General elevation of watershed about 
6,000 feet. Some irrigated areas in crops, but most of the country wild. 

South Platte Rivc1·, above Denver, CoL- Deforested ; rises in Rocky Mountains. 
Somet imes goes entirely dry. Lower part of watershed in rolling country . 
Watershed generally mountainous, 6,000 to 8,000 feet above sea-level. 

Sudbwry River.-Deforested; rolling farming-country in Massachusetts. 

For many of the streams cited records of rainfall and yield had 
not been kept for a sufficient length of time to give a reliable 
statement of minimum monthly or daily flow. In the form in which 
they were given above, however, the data might be of service as a 
guide in forming a judgment as to probable minimum annual flows 
where similar conditions might prevail. It would be noted that for 
most rates of precipitation few of the streams bad reached their 
probable minimum yield . The Croton records, for instance, 
extended over nearly 37 years, and the Sudbury 27 years, while 
the Cochituate records went back to 1863. The Cochituate 
in the sixties, with very heavy rainfalls, showed abnormally 
low yields, as compared with the yields for 1898 ; from which it 
might be implied that, if the Croton and the Sudbmy had been 
gauged at the same time, lower flow would have been recorded 
for ;similar rainfalls than bad ince been reached. It must be 
borne in mind that for rainfalls of le s than about 40 inches 
most of the gaugings given covered but short -time observations, 
many of which extended over only very few years ; and some­
what smaller relative flows might be expected !than those 
shown. In dealing with such stati tics, the attempt to deduce 
the laws governing the observe l phenomena was a fascinating 
study, but Mr. Fuertes felt that in the present state of knowledge 
it wa better to avoid such temptations, and hence he was content 
with merely armnging the few ob ervations which had come 
under hi notice in a form convenient for comparison. In reading 
over the Author'· account of the construction of the concrete dam, 
or weir, Mr. Fuertes had be u much impre ed with the fact that 
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1\lr. Fuertes. daily temperature-changes of 60° F. to 70° F. were of common 
occurrence for at least 6 months of the year. This might have 
had something to do with the absence of subsequent cracks due to 
changes of temperature. In cold climates monolithic masonry or 
concrete dams nearly always developed cracks in the upper parts 
on the advent of cold weather. Concrete expanded and contracted 
about the same amount, for equal changes of temperature, as steel ; 
but while steel had sufficient strength to re i t such strains, if 
anchored at both ends, concrete of proportions suitable for u e in 
dams had not, being, theoretically, only able to stand a fall in 
temperature of about 13° F . below that at which it took its final 
set. This consideration would indicate that in large dams as 
much of the concrete as practicable hould be laid in cool weather. 

A new waterworks development for the City of Lynchburg, 
Va., placed under construction about a year ago, included a pipe­
line 21 miles long and a concrete dam acro s Pedlar River, a 
tributary of the J ames River. The present plans were for a supply of 
8,000,000 United States gallon 1 per day. The pipe-line traversed 
very broken country through which hauling with teams was expen­
sive, and, at some seasons, impracticable, except for very light loads ; 
this consideration had had much to do with his recommendations 
as to the methods and materials to be u ed in building the pipe-line. 
As now under construction it was a composite line, 30 inches in 
internal diameter, consi ting of about 18 · 8 miles of wood-stave 
pipe, about 1 mile of cast-iron pipe, and 1! mile of steel pipe. All 
straight portions of the steel line were of locking-bar pipe similar 
in construction and in details of joint to that used for the Cool­
gardie line, curves being made with riveted steel specials. The 
line bad many summits, as would be under tood from the fact 
that eighty-nine air-valves, four stand-pipes to bren.k the static 
heads and limit the hydraulic gradient, and two pre sure-relief 
vnJves, had been provided in the 21 miles. Gate-valves, with 
by-passes had been placed in the conduit at intervals of about 
2 miles. Where these occurred at stand-pipes they were placed 
on the down-stream side of the stan 1-pipe, between an air-valve, or 
cluster of air-valves, and the stand-pipe. Air-valve were placed 
each side of the gate-valves at all places in the main conduit. 
Gate-valves located between the stand-pipes permitted accurate 
regulation of the flow, for any desired delivery, while maintaining 
the conduit full, under pre ure, at all points. The1·e were three 

1 1 UniLcd State. gallon == 0 · 331 Imperial gallon. 
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tunn ls on the line, with an aggregate length of 2,000 feet ; in all Mr. Fuorles. 

tunnels the roofs and side walls were to be lined with concrete, 
and the pipe was to be built continuously through them. Where 
the line crossed the James River, and at certain other important 
crossings, as well as in the city streets, heavy cast-iron pipe was 
to be used; at all other places wood-stave pipe would be employed 
for heads up to 200 feet, and steel pipe for all heads higher than 
200 feet. The wood-stave pipe was built in the trench, working 
simultaneously at different sections, and joining the different 
sections of completed pipe by springing in taves cut about t inch 
longer than the sr aces to be filled. The staves were of California 
redwood, in lengths varying between 10 and 22 feet, and averaging 
15 feet, not more than 10 per cent. being shorter than 12 feet. 
'l'hey were of perfectly clear stock, and only timber first-class 
and sound in every respect was accepted. The staves were brought 
from California ready for use. After arrival at the nearest railway-
tation they were inspected, then hauled out to the line of work, 

and distributed along the trench in piles about 3 feet wide and 
3 feet high, special efforts being made to have the staves built into 
the pipe as quickly as possible after delivery. It was impossible 
to get perfectly dry stock, and when the staves were piled where 
expo ed to the sun and wind, the ends were apt to split and the 
flat sUl'faces to splinter more or less. All the stock had been kiln­
dried and was what would be called well-seasoned. The pipe was 
covered over as oon as possible after clamping up the ba.nd. The 
staves were dressed from 2-inch by 6-inch tuft', with outer and 
inner surfaces true to the proper curves, and were 1 ~ inch thick 
after dre sing. Both edges were plane and radial to the circles, 
but one had a very small tongue left longitudinally along its 
centre, about -§- inch wide and 1if inch high ; nineteen or twenty 
sta.ves completed the circle. Where taves abutted end to end, 
the joint wa made by inserting a thin steel plate, 1 inch thick 
and 1! inch wide, in kerfs cut in the ends of the abutting staves. 
This plate was a little longer than the staves were wide, so that 
in clamping up the bands the ends of the plate wo1.ud be ja=ed 
into the sides of the staves a.djoining. All the plates were 
coated with preservative coating of the kind used for the 
bands and shoes. Each band had a formed hemispherical head 
on one end and thre~d · and nut on the other. The bands 
Were made of homogeneous mild steel, having a tensile strength 
of 58,000 to 65,000 lb . per square inch. Each rod was requi1·ed to 
be capable of being bent back flat upon itself when cold without 
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Mr. Fuor tcs. sign of fru.cture. The thren.ded end wu.s n ot up et, t he threads 
being cold rolled. The specifications required the strength 
of the headed end and the threaded end to be great er than 
that of the body of the rod. The rods were shipped from the 
rolling-mills, laid out straight, and tied in bundles of convenient 
weight for handling. Rods were taken from each lot at random, 
and tested to destruction. Before coating, the bands were bent by 
hand around circular bending-tables, to give them nearly the 
proper curve to fit the pipe. Each band was then examined 
carefully, cleaned and freed from ru t, and provided with a nut 
and cut washer l inch thick. After bending, the bands were 
wired together loosely in bundles of about twenty-five, and dipped 
in a hot bath of melted "Pioneer Mineral Rubber Pipe Coating." 
This was an asphaltic preparation, a product of " Gilsonite" 
mined in Utah; and a series of comparative tests conducted 
by him when seeking a suitable protective covering for the 
bn.nds and shoes for this pipe-line, had shown it to be practically 
the only coating, out of several tried, that yielded satisfactory 
results. He had given the subject much attention, because 
the life of the bands and shoes would determine the life of the 
pipe-line. The shoes were coated similarly to the bands. After 
cooling and drying, the bands and shoes were distributed along 
the line of the excavations, and piled up for use. The piles were 
examined immediately after distribution, and all part of the 
coating accidentally marred or rubbed off during transportation were 
repainted. After the bands were on the pipe and the final clamp­
ing completed, all the ironwork was then again gone over and re­
touched, where the coating was imperfect, with a thick coat of 
Smith's durable metal-coating. The shoes were of malleable cast 
iron having a tensile strength of 40,000 lbs. per square inch. The 
quality of the iron was tested occasionally by battering a shoe out 
flat with the sledge, and observing the action of the metal under 
this treatment. Altogether, about 320,000 shoes would be used, 
so that a difference of 1 cent each in the cost repre ented the sum 
of $3,200.00 (.£657). 'Considerable care had therefore been taken in 
the design of the shoe, to produce a form that would have the 
nece. sary strength, and at the same time keep the weight down to 
the lowest limit, without allowing the metal to be less than -~- inch 
in any part. The details of the hoe as finally de igned were 
·hown in Figs. 36. The shoes weighed, after coating, almo t exactly 
1 lb. each. They had proved very satisfactory from a practical 
point of view, as there was no tendency fm· the bands to jump out 
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of the shoes when turning up the nuts, nor for the points of the Mr . Fucrtcs. 

· hoe· to lig down into the staves wh n the shoes lipped around the 
pipe with the tightening of the bands. Whenever the head on 
pipe was more than 50 feet the bands were spaced according to 
the following formula :-

N = 330 HD 
d2 s 

in which " = number of bands per hundred feet of pipe; H = head 
on pipe in feet; D = diameter of pipe in inches ; S = permis ible 

Pigs. 36. 

RADIUS OF CURVE - 16· 5 
.. -· -· --- ·-· --- ·---· ... .. -.·- .... ye • -· .... ·--. ----·--. --- .. ----

SECTION AA 

-"-k--.. ------.. ---. ·- ·- .- ··- ·. · · 4 'l'e'-·--·- ----- -· ----- ··- -----~ 
PLAN 

PERSPECTIVE VIEW 

stress on bands in pounds per square inch of section ; d = diameter 
of band in inche . In this ea ·e, with S = 12,000 lbs. per qua.r e 
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Mr. Fuertes inch, the formuJa reduced to N = 3 · 3 H. Where the head was less 
than 50 feet, the bands were spaced closer together than the formula 
would require, and in accordance with the following Table:-

Head, 0 - 20 ft. 
" 21- 26 " 
" 27-31 , 
, 32- 36 " 
" 37 - 40 , 
, 41- 45 " 
, 46-50 " 

108 bands per 100 feet . 
114 " 
120 , 
127 " 
134 " 
150 " 
165 , 

The entire pipe was laid under ground with a cover of earth about 
2 feet 6 inches deep. In placing the bands they were first strung 
over the end of the pipe and accurately spaced, brace-wrenches 
with a 6-inch sweep being u eel to bring them quickly to a light 
tension. While tightening the bands, the staves were coopered with 
wooden mallets from the inside, and the bands were tapped lightly 
to allow them to slip round the staves as t ightening proceeded. 
The spacing-gang wa followed by another, which completed the 
clamping, u ing S wrenches with 10-inch handles as a precaution 
against over-tightening. The shoes were staggered according to a 
uniform y tem, and lay around the top half of the circumference 
of the pipe. Where wood-stave joined cast-iron pipe, pecial bell­
ends 7 inches deep wm·e cast on the iron pipe and the stave-pipe was 
inserted therein, the joint being packed with oakum, run with melted 
lead and caulked in the manner customary in jointing cast-iron 
pipes. The 30-inch valves also were cast with large bells, and 
the joints were made in the same way. At the crossing of the 
J ames River the I i pe was under a bead of 410 feet, necessitating 
libeml provision of air-valves in case the pipe bould be 
ruptured in the valley. Clusters of valve , with sufficient 
capacity to prevent the reduction of pre sure within the pipe 
from exceeding about 8 lbs. per square inch, under the maxi­
mum conditions, were provided at the summits on each side of such 
places. Vertical and horizontal cur ves were used, the minimum 
radius adopted being 200 feet. No difficulty was experienced in 
springing the pipe to this radiu , the staves on the outside of the 
curve being sledged back endwn.ys to make tight butt joints before 
final clamping. The great advantage accruing from the u e .of 
wood-stave pipe of large ize, in the matter of cost, wa exhibited 
by the following average prices per lineal foot bid by the suc­
ces. ful contractor for wood-stave, c.-wt-iron and teel pipes, 30 
inches in diameter each, erected, but not including excavation, 
which was tendm·ed for eparately. The prices f01· wood-stave pipe 



Proceedings.] CORRESPONDE 'CE ON COOLGARDIE WATER-SUPPLY. 109 

were, for the staves, in place, and for the bands, per hundred Mr. Fucrtes. 
band in place. The average head on the wood-stave portion was 
110 feet, requiring 363 bands per hundred feet. 

"\V'ood-stave pipe . 
Steel pipe i inch thick 

, t'tr , 
Cast-iron pipe . 

Per Lineal Foot. 
$2·29 (9s. 5d.) 
$4 ·00 (16s. 5d.) 
$5 ·00 (20s. 6d.) 
$6 · 38 (26s. 2d.) 

For higher heads than 200 feet it would be necessary to u e 
thicker taves and heavier bands. For a wood-stave pipe to be 
succes ful, the hydraulic gradient must be established with 
great care, so that the pipe would always be under pressur 
at all point and for all rates of flow. If this precaution 
were neglected, the staves in those positions where the pipe was 
only pa1·tially :filled would decay rapidly; but when such a pipe 
was properly laid out, and properly built, its life should be equal 
to that of other forms of conduit in general use. The advan­
tages tu its use lay in the ease with which the materials could 
be transported through rough, broken country, the rapidity and 
simplicity of construction, cheapness, and the fact that the co t 
varied with the head under which the pipe was to work, thus making 
it po ible to cheapen the co t under mall heads by spacing the 
band farther apart. Pipe of thi type had been u ed largely in 
the western parts of the United States for many years, mainly in 
the development of irrigation-works; and, when properly built, they 
had proved eminently satisfactory and dmable. The oldest stave­
pipe in u e, so far as he was aware, was at Wicopee, on Fi hkill 
Creek, in "ew York State, where a mill-flume, 30 inches in 
diam ter, 300 feet long, banded with flat hoops, and built in 1850, 
was still in service and in good condition. In connection with the 
City waterwoo:ks of Denver, Col., there were more than 100 miles 
of such pipes, the fir t having been laid in 1889. S~ve-pipes, 
banded with round hoops and using shoes of the tyle adopt d for 
the Lynchburg pipe-line, were the invention of Mr. C. P. Alien, 
when City Engineer of Denver, Colorado; and the United States 
patents having expired, the invention was now public prop rty. 
The u e of wood- tave pipe instead of cast iron for the Lynchbmg 
pipe-line had involved a saving of about $350,000, neady $17,000 
(,£3,485 ) per mile on the entire length, or $19,000 (£3,895) per mile 
on the length for which the substitution wa made. This saving in 
cost, as well a in interest and sinking-fund charges, would en::tble 
the town, in about 20 years, to build a second conduit of equal 
capacity, thus doubling the upr ly, at a total co ·t for both lines 
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ll!r. Fuet·tos. of about two-thirds of the eo t of a single line of cast-iron pipe with 
a capacity equal to that of one of the wood- tave lines. It was also 
claimed, as a result of measurements made several years ago, that 
wood-stave pipes would deliver larger quantities of water than cast­
iron pipes, under similar conditions as to sizes and gradients; but 
he thought this point should not be given too much weight. He 
con idered the greatest advanta.ge of the wood-stave pipe in 
respect to delivery to lie in its ability to continue its m·iginalrate 
of discharge after long usage, due to the fact that conosion and 
inCJ:·u tation did not take place, and hence a smooth interior surf}1ce 
was maintained. 

ll!r. Goument. Mr. C. E. GouMENT considered that, judging from the figures of 
rn.infall and discharges for the years 1897-1902, it seemed doubtful 
wh tber the storage-capacity, enormous as it was, would be 
sufficient to tide over three consecutive dry years, uch as 1 97, 
1901, and 1902 appeared to have been. In India drought generally 
occuned in periods of 3 years, and if the same conditions held good 
for Australia, the reservoir would certainly need enlargement if 
shortage was to be avoided. The rainfall on the areas immediately 
above and below the weir, and the yield from them, were 
more favourable than those of the large catchment-area which had 
actually been utilized ; and it seemed to him that a subs~'l.ntia1 
saving might have been effected in the initial outlay on the storage­
reservoir, and a more ce1·tain supply ecured, if the recommendation 
now made by the Author, to extend catchwater drain into the 
well-watered and quick-shedding country draining into the Helena 
below the present weir, had been carried out in the fir t instance. 
A smaller reservoir would probably have sufficed. With regard to 
the class of pipes used for the supply-line, considering the 
enormous expenditure incurred on this item of work and the fact 
that the life of thin steel pipes was comparatively short, it seemed 
open to question whether, financially, it bad been a sound deci ion 
to use the e pipes in preference to ordinary cast-iron pipes which 
had a much longer life under the same condition . His experience 
led him to think that there was no comparison between the two as 
regarded durability. The life of a thin steel pipe depended to a 
large extent on the time the coating lasted. Once this was wo1·n 
tln:ough, the pipe oon corroded and became useles . In 1892 some 
steel tubes, t inch thick, were laid down on the ri ing-main of one 
of the pumping-stations in the Punjab where the p1·essures were too 
heavy for ordinary ea t-iron pipes. Some of these pipes hacl ah·eady 
corroded internally and had recently hacl to be renewed. Chemical 
analysis showed no acid in the water which would account for 
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excessive corrosion. The tubes had been obtained from a firm of Mr. Goument. 

good repute, and the coating had seemed to be in sound condition 
when they were laid 13 year ago. On the other hand, some cast-
iron pipes laid 25 years ago in the ame town bad been taken up 
recently and bad been found to be in an excellent tate of preserva-
tion. Some figures to show to what extent cast iron would have 
been more expensive than steel would have been useful. In India, 
as a rule, imported cast-iron pipes, for the pressures for which they 
were suitable, up to a working-head of, say, about 200 feet, cost but 
little more than steel pipes, even in places in the Punjab where the 
transport by land from the nearest seaport was over 1,000 miles of 
railway. 

Mr. ALLEN HAZEN, of New York, thought the Paper de cribed ll!r. IIa.zon. 

conditions entirely unique in waterworks practice. Probably no-
where in the world had water been carried so far, and at such heavy 
expen e in proportion to the quantity. On the other hand, the 
necessity seemed to have been great, and to have fully justified the 
project ; and the undertaking was an unusually useful one. There 
were many novel points in the construction, among the most 
interesting being the use of an entirely new form of pipe. 
Apparently the weight of the locking bars used for holding the teel 
sheets together was fully equal to the weight of the steel required 
for the lap joints and rivets in ordinary riveted steel pipe, o that 
there was no saving in the total weight. The greater strength of 
the joint, however, and particularly the greater smoothne of the 
inside surface, which re ulted in le friction of the water flowing 
in the pipe, were sub tantial points in its favom·, and would seem 
to ensm·e to this type of pipe a wide field of usefulnes . The lead 
joints provided at short intervals must act as expansion-joints. 
American riveted steel pipe-lines were riveted continuously, and 
Ame1·ican readers would question whether lead joints were really 
necessary. Changes of 45° or 50° F. in the temperature of water 
and bm·ied pipes were common in the northern United States; and 
computations indicated that there would be no serious trouble from 
the lack of expan ion-joints, even though the range of variation of 
temperature were considerably wider than this. The u e of the 
sleeves an l lead joints resulted in greater smoothness of the interior 
surface, however, and the arrangement seemed to have been con-
venient and sati factory in this ea e. It might not be so readily 
applicable to th.e much la.r·ger pipes which had been extensively 
u -ed in waterwork in recent year.. The impounding-reservoir 
wa in a 1·egion with much greater rainfall than the region served 
with wH,tel". N overtheless, the reconl of yield indica,ted that, 
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Mr. IIazen . generally speaking, even t.hi region was at time exceedingly dry ; 
and it appeared that to ensure a supply, water mu t be carried in 
storage for unusually long periods, that was, for 2 years and more. 
Under the e circumstances, particularly in a warm and sunny 
climate, it would seem, from American experience, that the water in 
this re ervoir would be sure to become foul from the growth of 
algre and other small plants and animals. It would be interesting 
to hem· what the experience had been in this respect. The passage 
of the water through the pumps, pipes and reservoirs would no 
doubt tend strongly to remove such tastes 8Jld odours if they 
existed at the source. The water apparently entered each ucces ive 
re ervoir through a pipe extending above the water-level, and 
so fell into the reservoir through the air. The water would 
thu be aerated successively at each step in its progress. With 
water passing through the pipe and re ervoirs at the full nominal 
rate, about 12 days would be required for it to pa s from its source 
to the point of use. Under the present condit ions, with only one­
half to one-quarter of the full quantity of water passing, a month 
or more would be required, and the opportunit ies for purification 
were uch as did not often occur in waterworks practice. The 
taste. and odours which might be mo t troublesome, and the 
removal of which would be most likely to be effected by this process, 
could only be determined by direct ob. ervation, and their pre ence 
or absence was not indicated by the Tables of analyses in the Paper. 
The eo t of the work "'7aS surprisingly low. Although a large part 
of the steel came from the United States, the cost would have been 
low had the work been done there, instead of on the other side of 
the globe. The completion of a large enter prise at so reasonable a 
figure, and in a way so satisfactory in other respects, reflected great. 
ere lit upon both the engineering and the business ability of those 
' ho had had the matter in charge. 

Mr. IIerbo1·t. Mr. FnA 'K HERBERT, of Glasgow, thought that while the Author 
modified by subsequent comparisons his statement that the price 
of locbng-bar pipes was a little more than that of riveted pipes, 
he did not sufficiently emphasize the fact that on the basis of such 
compari ons the locbng-bar pipe was actually cheaper. It had an 
ultimate tensile strength exceeding 27 tons per quare inch of 
pla.te section, whereas the best double-riveted joint only had an 
ultimate tensile strength of 19 tons per square inch; and 
allowing the &'l.me facto1· of S<tfety for both, and adding 1\ inch for 
conosion, the weight of the one was not more than three-quarters 
of tha.t of the other; moreove1·, owing to the lap joints and rivets, 
the riveted pipe requir d to ue 7J.r per cent. larger in diameter to 
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give the same frictional loss, and a Mephan Ferguson pipe could 1\.Ir. IIerbcrt. 
be made mther cheaper per ton than riveted pipe, for equal efti-
ciency as a pressure-main, Ferguson pipe cost about two-thirds the 
price of riveted pipe. It would be noticed, from the actual tests 
described on p. 27, that the loss of water through 295 miles of 
main, including nine pumping- tations and nine large reservoirs, 
amounted to less than 3 per cent., allowing the full delivery of 
5 million gallons per diem : which spoke volumes for the efficiency 
of the pipes and joints. No figures were given to show the basis 
on which the diameter of the Coolgardie pipe-line had been deter-
mined, and as this was an important matter, it might be interesting 
to analyse it. From figures given by the Author (which could, 
of course, have been a certained approximately when determining 
the size of pipes required), the cost of the pumping-plant, including 
spares, erected, was equal to £61 · 25 per hor e-power. The charge 
for fuel at 32s. per ton (Newcastle, N .S.W .), assumed to give 74 
millions duty in every-day work= £19 · 71 per foot of head pumped 
against per annum at 5 million gallons supply per day; and ettch 
foot of head cost £64 · 44 for pumping-plant. Each 1 inch diameter 
of pipe cost erected £62,333 . The friction through 307~ miles 
of pipes delivering 5 million gallons per day (3,472 gallons per 
minute) would be-

Difference 
For 32-inch pipes, 1 in 2,420 671 feet 

111 
31 " 

1 in 2,075 782 
" 146 

30 " 
1 in 1, 750 928 

" 169 
29 " 

1 in 1,4 0 1,097 " 215 
28 

" 
1 in 1 ,230 1,312 

The saving in cost of pipes by reducing from '32 inches to 31 
inches would be £62,333 ; while the lo s by extra co t of pumping­
plant would be £64 ·44 X 111=£7,153 +extra annual cost of fuel 
= £19 · 71 X 111=£2,088, which latter capitalized at 5 per cent., 7~ 
per cent., or 10 per cent.=£41,760, £31,320 or, £20,880respectively. 
Thus the saving by reducing from 32 inches to 31 inches would be 
£62,333, while the loss would be, at 5 per cent. £48,913, at 7! per 
cent. £38,473, and at 10 per cent. £28,033. Similady, the saving 
by reduction from 31 inches to 30 inches would be £62,333, and the 
loss would be £66,968, £52,578, or £38,188. The saving by 
teduction from 30 inches to 29 inches would be £62,333, and the 
loss wo~d be £77,510, £60,850, or £44,200. The ·a ing by 
reduction from 29 inches to 28 inches wouJ d be £62,333, and the 

[TD.E INS'r . C.E. VOL. LXII.) I 
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1\Ir. rrerbcrt.loss would be £98,615, £77,425, or £56,235. Thus for a supply 
of 5 million gallons, and allowing 5 per cent. interest, the most 
economical size was 31 inches, at 7:! per cent. 29 inches, and 
at 10 per cent. 28 inches. The rate of interesti to be allowed 
depended on the probable life of the goldfields, and the probable 
lapse of time before the 5-million-gallon supply was required. 
From the Author's remarks on p . 6 it appeared that the actual 
demand up to the present had been somewhat disappointing, and 
that it would have been well to have allowed, say, 7~ per cent., 
and thus save £62,333 in the cost of the pipe ; but otherwise the 
size adopted appeared to be about the best, allowing as it did 
about 6 per cent. interest. For a permanent town water-supply 
in England a 4 per cent. basis might safely be assumed, while 
for an individual mine or speculative venture 10 per cent. 
would be better policy. The fact of this, the longest water-main 
in the world, being of steel, invoked discussion on what had 
become of late years a much-debated point, namely, the relative 
life of cast-iron and of weought-steel or iron pipes. Mr. Herbert's 
own opinion was that very little corrosion occuned in either cast 
or wrought pipes when placed in natural ground, generally clay; 
but that in artificial ground, particularly ashes, slag, or any 
decompo ing material, rapid corrosion took place in both, and 
generally much more rapidly in cast-iron pipes. In bad ground 
the life of the pipe was almost entirely dependent on the efficiency 
of the coating. Tar and asphalt appeared to take a much better 
hold on wrought pipes, probably because these thin pipes quickly 
atta.ined the temperature of the bath, even if they were not 
previously heated, which was sometimes done. He believed that 
'vitbin the next 10 years wrought-iron pipes would supersede 
cast 1pipes almost entirely for water and gas-mains, and in many 
ph·wes would be used for sewage. 

1\Ir. rr ring. Mr. RuDOLPll HERING ob erved that the Paper was of special in­
terest to American engineers, owing to some similarity between 
the meteorological conditions of the territory near Coolgardie and 
those of the Pacific coast of the United States. The rainfall in 
Calfornia varied between 3! inches and 42 inche in one year. 
The price paid for water near Coolgardie, even at the lowest figure, 
25s. per thous:md gallons, were much higher than the price paid on 
the Pacific coast, due partly to the apparently greater difficulties 
of construction, and partly to the more elaborate tructures than 
were customary in the pioneer works of California. The Coolga.rdie 
cheme appeared to be a thorough and efficient solution of the 

problem, ancl the work conta.in d a number of suggostio;1s as to 
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details which might profitably be adopted elsewhere. It was not Mr. IIcring. 

often that 5,000,000 gallons of water must be elevated daily to a 
point over 1,000 feet higher than, and over 350 miles from, the 
source, requiring a total dynamic lift at the pumping-station of about 
1,700 feet . In this respect the work appeared to be unique. Although 
practically all the materials for construction had been impOl"ted, 
the work ha.d required le s than 5 years to build, which under the 
cu:cumstances did not seem excessive for its magnitude and the 
difficulties of the situation. The rainfn.ll-record , as had been the 
case in California when that State was first developed, were 
meagre, and much depended on good reasoning. In aJ:id regions 
the ratio of yield to rainfall varied greatly, being large for l::Lrge 
precipitations and small for small ones. In California, with rain-
falls less than 10 inches per annum, unless some of the rain fell as 
sudden showers, there was usually no off-flow at all. San Fran-
ci ·eo was obliged for that reason to tore its water for 2 and 
even 3 years. A few years ago the evaporation during 1 year from 
the storage-reservoirs was greater than the rainfall or the inflow 
from the catchment-area. In the western deserts of the United 
States, that portion of the rainfall which did not evaporate 
percolated to a considerable depth, and continuously fed the rivers, 
which, like the Colorado River, di charged large quantities of 
water through the year, although flowing in the midst of a de ert. 
Naturally, such conditions had invited irrigation . chemes, which, 
near the mouth of- such a river, would allow the entire flow 
to be diverted without infringing upon riparian right . With 
regard to the quality of the Coolgardie water, the difficulties due 
to common salt would gradually disappear, particularly if flat and 
swampy areas on the catchment-area were sub-drained so as to pre-
vent the capillary action near the surface in dry weather from 
raising the dissolved . alts and holding them upon the surface by 
ubsequent evaporation until they were again dis. olved by the 

rain-water. He could not under tand how there could be anaerobic 
bacterial action in the pipes carrying potable water, which hould 
contain a large amount of oxygen. The descriptions of the locking­
bar pipe and of the caulking machinery, which seemed to present 
novelties of value, were of much intere t . 

Mr. HENRY C. HILL, of Philadelphia, communicated an account Mr. rr. c . mu. 
of the reservoll.· at the Belmout filtering-station, forming part of 
the works for the improvement, extension and filtmtion of the 
water-supply for the City of Philadelphia. This station was 
situated about 1~ mile west of the Schuylkill River, and con-
si teu of a settling-reservoir, eighteen covered ;1-aCl·e filter , and 

I 2 
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Mr. n. c. mu. a covered clear-water ba in. The ettling-reservoir was divided 
by an embankment into two compartments, having an aggregate 
capacity, with 25 feet depth of water, of 72 million gallons. The 
reservoir was situated on a hillside, mainly in excavation. The 
area of the east division at the flow-line was 5 · 4 acres, that of 
the west division being 5 · 33 acres. The east division was con­
structed about equally of cut and £11, while the west division was 
nearly all in excavation, principally a quartz-like trap rock with 
some micaceous rock. In making embankments the most im­
pervious materials of exc.-wation were placed next the inner slope, 
and all materials were rolled in layers not exceeding 6 inches 
in thickness. Whenever excavation in rock revealed fissure., these 
were £lied with Portland-cement grout, and the irregular surfaces 
of the rock in the floors and slopes were levelled up partly 
with clay puddle, and partly with Portland-cement conc1·ete. In 
preparing the foundation for the rolled embankment all top soil 
was thoroughly stripped off', and the inclined ground was stepped 
in horizontal terraces. All embankments and £lis were rolled with 
four 25-HP. traction-engines, each weighing 10 tons or 3,300 lbs. 
per foot width of roller-wheels; two 18-HP. traction-engines of 
8 tons each; and one 10-ton traction-roller. All the rollers were 
provided with grooved front wheels and cleated rear wheels. 
Each divi ion of the r sei·voir was lined on the floor and slope 
with 18 inches of clay puddle, on which wa placed a lining 
of Portland-cement concrete 6 inches thick (Figs. 3'7). On the 
concrete lining over the whole floor, and extending up the lopes 
to a point 10 feet vertically below the water-line, wa placed a 
-!-inch mixture of asphalt mastic and grit. In order to prevent 
slipping of the asphalt mixture on the slopes, the concrete was 
indented with grooves ! inch wide and deep, and 4 inches apart. 
At the end of the dividing embankment was a valve-house, in 
which were placed all the valves for controlling the water to and 
from the two divi ions, which were provided with separate inlet­
and outlet-pipes, and screen-chambers. As the reservoirs were 
designed as settling-basins and not as storage-ha ins, the water 
was pumped through a 48-inch cast-iron main, laid on the floors 
and extending diagonally across each division of the reservoir, 
and was discharged through a erie of 48-inch spigot-and-faucet 
tees, set at alternate angles of 45 degrees from the vertical. 
The ends of the inflow-pipes were provided with 48-inch up­
tmned elbows. The water passed upwards from the tees and 
elbow diagonally across the ba in to a floating di charge-pipe, 
consi ting of a 48-inch riveted steel pipe ·1 inch thick, provided 
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Mr. u. c. mu. with a swinging joint at the bottom, and usik"Lined in an inclined 
position by a cylindrical iron float which kept the mouth of the 
pipe about 2 feet below the sui"face, so as to admit of drawing 
off the upper stratum of water. When both divisions of the 
basin were in service the water was forced to pass diagonally 
across and upwards through both divisions, before it left the 
sedimentation-reservoirs on its way to the filters. The reservoir 
was designed to be water-tight within . the limits of the materials 
employed, and information had been sought on this point, with 
the result that very few data had been found to be available 
on the subject of the water-tightness of puddle and concrete­
lined structures. Such tests as might have been made elsewhere 
were not r eadily accessible in publications, and the leakage 
assumed to be prope1·ly allowable was therefore entirely a matter 
of judgment. Obviously, structmes like earthen embankments 
lined with concrete, made up of many separate floor- and slope­
sections, and containing many thousand lineal feet of comparatively 
·hallow joints, could not, even with the utmost care in construction, 
be expected to be ab olutely water-tight. The puddle used in 
the works at Philadelphia was composed of equal parts by volume 
of rich iron clay and broken stone or gravel, moistened with water 
and thoroughly mixed in a Chambers pug-mill. As much care 
wa.s exerci ed in the testing of cla.ys, and in supervising the 
proportions and mixing of clay puddle, as in the proportioning 
of materials and the mixing of concrete. All puddle clays were 
te ted by the Ulzer method of rational ana.lyses, and it was found 
after a long series of experiments that the best results were obtained 
with clays containing at least 50 per cent. of available clay consti­
tuents, or, in other words, the resulting mixtme of 50 per cent. of clay 
and 50 per cent. of broken stone, would contain 25 per cent. of avail­
a.ble clay constituent, as shown by rational analyses. The concrete 
lining was composed of 105~ lbs. of Pm·tland cement, 3 cubic 
feet of sa.nd, and 5 cubic feet of broken stone, the tone ranging in 
size from i inch to 1;}; inch. In some case , to ensme more water­
tight work, the 3 cubic feet of sand was altered to 1?i cubic foot 
of and and 1~ cubic foot of limestone screenings. All concrete 
was mixed in cubical box mixers of at least 1 cubic yard capacity. 
The dry ingredients, after being dumped in the mixer, were given 
eight or ten turns, water wa.s then added, and the mixer was 
given about twenty-five more turns. All cement wa required to 
fulfil the following 1·equirements befo1·e it was incorporated in the 
WOl'k:-
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Specific gravity 3 ·10 Mr. IT. C. Hill. 
F ineness : residue on-

50-mesh sieve o·o per cent. 
lOO-mesh , 10 · 0 
200-mesh , 25 · 0 

Anhydrous sulphuric acid 1· 75 
Initial set (Vicat needle) • 20 minu tes 
Briquettes 1 square inch in cross section to 

develop the following tensile strengths-
.7 days (1 day in air, 6 days in water), 1 part of} 170 lbs -

cement, 3 parts of standard quartz sand . · per sq. m. 
28 days (1 day in air, 27 days in water), 1 part of} 240 lb . · 

cement, 3 parts of standard quartz sand 5
• pei sq. m. 

All cement to be subjected to the boiling te t before acceptance. 

"ix-inch cubes of concrete taken from batches used in the work 
were required to withstand the following crushing-loads :-

At 30 days old 
" 60 , 
" 90 

1, 700 lbs. per square inch. 
2,100 " 
2,400 " " 

It was found in practice that the above requirements were 
readily met, in fact there were quite a number of 60-day cubes 
which took a crushing-load of 5,000 lbs. or more per square inch, 
the average of all cubes being about 3,300 lbs. While the clay 
puddle was relied on for water-tightness, it bad been thought ad­
vi able to place on the surface of the concrete lining a !-inch layer 
of asphaltic mixture. Owing to expan ion and contraction during 
rapid change of temperature, it was doubtful if the layer of asphalt 
had contributed much to the water-tightness of the structures. 
Concrete .filter-tanks and clear-water basin , with a lining of 
puddle under the floor and around the walls, had been proved on a 
14-day test, with the ri e or fall of the water-level measured with 
hook-gauges, to be practically wat~r-tigbt. In these structures, 
of course, the asphaltic lining was not used, nor bad experience 
shown that it was nece sary to secure water-tight work. The 
composition of the aspbaltic lining called for in the specification 
was-

Neuchatel mastic 
Bermudez a phalt 

Parts by Weight. 
70 
10 

Clean, sharp grit and sand 20 

contain about 21 per cent. of total bitumen. 
h atecl in a kettle to about 280° F ., and 
It was found upon test that the mixture 

This mixture would 
The materi::J.s were 
thoroughly mixed. 
-pacified contained too high a percentage of bitumen, and was too 
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Mr. n. c. mu. soft for u. e on th slope when expos <l to the ·un. Expe1·iments 
were then mftde to ftscertain what perc ntage of total bitumen in the 
mft s would hold on the slopes without creeping when warmed by 
the rays of the sun. Concrete slabs about 2 feet wide and 4 feet 
long, placed at the sa.me lope as the side of the re ervoirs, 
we1·e covered with mixtures containing variou percentages of 
bitumen, and maintained at a temperatm·e of 100° F . Wires were 
placed acro · ll.nd above the lab , and t acks we1·e driven in the 
smface showing the downward movement of the asphalt. Owing to 
the fact that it was practically impossible to procm·e .r euchn.tel 
mastic in the Philadelphia mftrket, except in very small qun.ntitie , 
Seys l mastic wa sub tituted, the above te ts indicating that it 
wa in all respect::; equal to :reuchatel. The eveml miX'tm·e 
used contained as an avm·age the following weights of material· for 
each batch :-

Material. 

eysscl mastic . 

Grit . 

Refined 'l'rinidad asphalt 

1 fined Bermudez a phalt 

]'loor and l''irst Second Layer of 
I"ayor of Slope. Slop . 

Lb . Lhs. 
585 598 

315 332 

50 33 

50 37 

These mixtures gave by analy e an average of 15 · 5 p r cent. 
of total bitumen for the first mixture, and 13 · 2 per cent. of 
bitum n for the second mixtm·e ; the slopes requiring, of com e, a 
stifi'e1· mixture to prevent creeping during hot weather. The watel'­
tightnes of all structures forming pa1·t o£ the w01·k for the improve­
ment, extension and filtration of the water-supply of Philad lphi:>, 
was a requirement of the specification, and ea1·ching te ts of each 
structure w~1·e made to show complin.nce therewith . Upon trial it 
was found that the west clivi ion of the reservoir did not come 
within the limit · fixed by the Bm·eau of Filtration; the water 
W ;l.S drawn off, the m-face of the concrete above the line of asphalt 
wn.s thoroughly dried, and several coats of silicate of oda (syrup) 
we1·e then applied with an ordinary whitewa ·h-brush. Each coat of 
silicate of soda was allowed Jto dry thoroughly before the next coat 
was a pi lied, and this treatment was found to be very effective in 
J·eclucing 1 akrtge through the concrete. The lea.lmge of the west 
division of the Belmont 1·e · 1·voir upon final test wa.s 36,000 gallons 
per dn.y of 24 hours, 01· :il.Jout 0 · 1 per cont. of its cubic content.<:. 
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This leakage, after allowing for evaporation, represented a fall of Mr. IL c. Hill. 

0 · 02 foot per day in the water-level. The leaka,ge of the east 
clivi ion of the 1·eservoir upon final te t was 21,000 gallon pe1· day 
of 24 hour', m· about 0 · 06 per cent. of its cubic contents. This 
leakage, after allowing for evaporation, repre en·ted a fall of 
0 · 011 foot per day in the water-level. 

Mr. JoHN W. HILL, of Philadelphia, felt that the Author, as well Mr.J. w. Ilill. 

as his eminent predecessor, Mr. O'Connor, and his assistants, 
were entitled to great credit for the conception ·and succes ful 
completion of so bold an enterpri e as the Coolgardie water-
supply, which certainly de erved more than pa sing notice. 
Per onally, he was chiefly intere ted in the pipe-line, pre enting 
as it did novel featmes in the construction of steel-plate pipe, 
and uggesting the probable extended use of a new kind of steel 
pipe, in which might be developed the full strength of the steel plate 
within the elastic limit. A little more than 2 years ago he had 
occa ion to prepare the plans and specification for Contract No. 28, 
known as "Lardner's Point pipe di tributing-sy tem," one of more 
than eventy contracts forming part of the works for the improve-
ment, extension and filtration of the water-supply of the City of Phila-
delphia. Some thought was given to the po sible use of locking-bar 
pipe such as wa used in the Coolgardie scheme ; but there being then 
no manufacturer in the United tates who had had any experience 
in the production of pipe of large diameter of this pattern, and 
the information now cont.'tined in the Paper with reference to the 
Coolgardie pipe not being available, it wa not given the a,me 
consideration as it would have if the matter were to come before 
him at the present time. The pipe-system embraced in Contmct 
No. 28 consisted of fom lines of 60-inch pipe, reaching f1·om 
Lardne1·'s Point pumping-Htation, the principal pumping-station of 
the new Philadelphia waterworks, to valve-chambers No . 8, 9, and 
10 a,t the we tern terminu of the pipe-line at Tone dale and 
Kensington Avenueg., a di tance of approximately 14,606 feet. 
While it was contemplated to lay four lines of uch pipe for the 
whole distance, for the pre ent four line were laid only along 
Robbins Street, a distance of 800 feet from the pumping- tation ; 
and from this point three pamllel line of 'pipe were laid along 
Tacony St1·eet and Torresdale Avenue to valve-chambers No . 8, 
9 and 10, a distance of about 13,802 feet. In t aking tenders for 
this pipe due con ·ideration was given to steel pipe, with and with-
out double-riveted butt joint , and to ea t-iron pipe. The con-
litions hwouring ·teel pipe we1·e :-
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Mr. J. w. mu. l. Ductility of material, and capacity to re ist shocks. 
2. Rapidity with which the sections of the pipe could be 

fmnished and made up in place in the trench. 
The conditions favouring cast-u·on pipe were :-

1. Known durability in service (cast-iron pipe had been used 
in Philadelphia for a period of over 85 years, and except 
tuberculation of the interior from the iron and lime alts 
in the Schuylkill river-water, had apparently suffered no 
serious injmy in strength or carrying capacity during this 
time). 

2. Greater smoothness of the interior of the pipe, and conse­
quent reduction of frictional resistance, and increase of 
carrying-ea paci ty'. 

3. Convenience of repair in case of rupture in service. 
4. In laying such pipe provision could readily be made for 

expansion and contraction due to temperature-changes, 
although these, at the depth at which the pipe was laid 
after filling the trench, were necessa1·ily slight. 

Still another advantage sometimes found with cast-iron pipe, laid 
in the 12-foot length usual in the United States, was that con­
siderable settlement of the bottom of the trench might occur 
without ruptming the pipe, or creating serious leaks at the lead 
joints. The terms of the contract .under which tenders were 
received for both riveted steel and ea t-iron pipe provided that 
the sections of the former should be subjected to a hydrostatic test 
of 180 lbs. per square inch at the place of manufactme, for such 
length of time as the engineer might deem desirable, to prove the 
tightness of the riveted and caulked joints. After the sections 
were made up in the pipe-trench, and before refilling it, they were 
to be again subjected to a hydrostatic pressure of 160 lbs. per 
square inch under the same conditions as to length of time of test. 
The contract further provided that each joint should be absolutely 
water-tight under these tests. The provisions with reference to 
cast-iron pipe were somewhat difi'erent. After a pipe had been 
in pected for casting and fotmdry-work, and carefully checked 
as to dimen ions, thickness of material in the bane!, eccentricity 
of bore, and diameters of ends, it was to be dipped in the 
customary bath of hot pitch and linseed-oil, and when the coating 
h<1Ll become dry and cold, the pipe wa to be subjected in the 
proving-press at the foundry to an internal hydrostatic pre sure 
of 300 lbs. per squar·e inch fm· not le s than 10 minute . vYhile 
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under thi pressm·e it was to be subjected to a thorough h~mmer- Mr. J. w. Hill. 

te t, and any pipe which ·bowed leaking or sweating ::tt the end of 
thi time was to be rejected. After the pipe was made up in the 
usual lengths of 12 feet in the trench, the contra.ct required that 
it should be subjected to a fm·ther pressure of 200 lbs. per square 
inch for a period of not less than 5 homs, this length of time being 
fixed to enable the inspectors to examine carefully eaoh joint and 
length of pipe, and if there should be spongy places in the pipe-
ban l which had escaped inspection at the place of manufactnre, 
this time wa deemed sufficient to bring the water to the sm·face 
and enable such spots to be marked and the proper remedy applied. 
The test in the pipe-line also permitted of a trial of such forms of 
special castings as could not be conveniently tested at the foundry. 
All pecial castings in this contract, excepting curves and man-hole 
castings, were 48 inche to 60 inches in diameter, and were made 
up in the valve-chambers with flanged joints. Tees and cro ses were 
flanged castings. F01·ty-eight-inch to 60-inoh taper-pipes were 
constructed with a flange on the small end and a ocket on the large 
end to join with the spigot of a 60-inch pipe; and all straight 
castings were tested at the foundry under the same conditions as 
applied to the cast-iron pipe. At the time this contract was made 
there was only one hydro tatic pipe-pres in the United States of 
sufficient capacity to apply the required te t, and the two other 
foundries which wore employed in the manufacture of the pipe 
wore required to build presses of magnitude adapted to this size of 
pipe and to the proof-test provided for . At one time (1903) the rate 
of progress in the manufacture of the pipe was o slow that the 
city was on the eve of going abroad to buy part of the work 
from the pipe-foundJ:ies of Great Britain and Belgium; and it was 
a. pleasme to state that the English pipe-foundries which were 
called upon in this matter were entirely willing to undertake to 
meet the conditions of the contract, which we1·e more exacting than 
any previously laid down in the United States in work of this 
k ind. In addition to the hydro tatic test a.t the foundry and in 
the pipe-trench, it was required that there · hould be ea t from 
the ladle for each piece of pipe at lea tone tensile te t-bar and two 
ct·oss-breaking bars. The ten. ile bars were 11 inches long, and 
approximately 1 in ·h square, corrections being made for exact 
dimen ions upon b1·eaking the bar in the testing-machine. The 
cro -breaking bar. were 26 inches long, and ::~.pproximately 2 inches 
wide and 1 inch d ep, and were broken by placing them flatwi e on 
. upportR 24 inches apart, and applying the load at the centre. 
The conditions; with reference to metal were th:1.t the tensile 
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M··.J. w. IIill . ·trength hould be not les than 22,500 lbs. (10 ton) per square 
inch, and that the cross-breaking bars of sta.nda.rd dimen ions 
11.nd pan should take a load of 2,280 lbs., equivalent to a maximum 
fibre-stre of 41,000 lbs. (18 · 3 tons) per square inch of ection, and 
show a centre deflection of not less than 0 · 34 inch before breaking. 
"When tenders were received for this contract . it was found that 
the difference between the cost of con tructing the work with cast­
iron pipe and with riveted teel pipe amount d to about $186,000 · 00 
(£38,130), an amount which in hi opinion was too small to justify the 
ri k incidental to laying in city streets the e large line of parallel 
pipes of material of less known durability tha.n cast-iron; and it was 
gratifying to note that the te ts of the pipe at the foundry and 
after laying in the trench had never developed a fracture. Out of 
more than 2,500 piece · of this pipe manufactured to the present 
time, not one bad broken in the proving-pre under pres ures 
, ometimes a high as 350 lbs. per square inch ; and naturally none 
had broken in the trench under the lower pres ure of 200 lbs. per 
·quare inch, although the latter might happen should the pipe be 
injured in tran portation. In cantering the e pipes, in tead of 
following the usual practice of cantering from the outside, after 
the fir t few lengths were laid thi was done entirely from the 
in ide; an in pector in ide the pipe indicating by taps of a 
hammer on the barrel the direction in which the pigot wa 
to be wedged in the socket to bring about concentricity of the 
, pigot end of one pipe and the ocket of the next. In the placing 
of the spigot of one pipe in the socket of the next, an allowance 
of 1 inch wa made for longitudinal motion, partly to compen ate 
for uch temperature-changes a might take place in the length of 
the line before the trench wa filled, and paTtly to allow for 
inequality in settlement of the pipe after filling, which would 
not be so w ll provided for if the pigot of one pi I e was brought 
olidly home again t the shoulder of the hub of the next pipe. 

Valve-chambers were p1·ovided at interval of about 4,000 feet, o 
arranged with line- and branch-pipe valve as to permit of cutting 
out of service temporarily any line of pipe which might be injmed, 
and confining the ·upply dm·ing the period of repair to the 
1·emaining lines of the sy tern. The worst condition that could 
ari e in service would be the temporary los of the u e of one 
line of pipe between two valve-chamber , the remaining lines 
between the two chambers still being serviceable; while of 
cour e all the three line -or four line when completed­
beyond the chamber neare t to the point of ruptm·e would be 
unafi'ccted by the break Whore the pipe entered the valv -chamber 
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it was reduced from 60 inches to 48 inches in dia-meter, partly 1\fr. J. w. Hill. 

becau e the manufacture of 60-inch stop-valves bad not be n as 
extensive, nor the use of valves of uch size as welllestablished, as 
tho e of 48-inch top-valve , and partly because the height of such 
stop-valve would have materially increa ed the depth of the 
trench in which the pipe was laid . The number of chambers, and 
therefore of reductions in size from 60 inches to 48 inches in each 
line of pipe between the pumping-station and the terminal point 
at Torre ·dale and Kensington Avenues, was six, and the estimated 
loss of bead by rea on of the u e of reducers from 60 inches to 
48 inches, of 48-inch tees and crosses in the chamber , and of 
48-inch stop-valves at each chamber, as computed by the formula 
given by Weisbach,l was less than 0 · 35 foot for a velocity of 
7 · 39 feet per second through the 48-inch stop-valves and special 
casting ·, corresponding with a velocity through 60-inch pipe of 
4 · 73 feet per second : an amount altogether too small to raise any 
doubt of the wisdom of the reduction of the diameter of pir e from 
60 inches to 48 inches while pa ing through the valve-chambers, 
in view of the very large reduction in the co t of trenching by the 
use of 48-inch stop-valves. All valve-chambers were con t1·ucted 
with concrete floor and side and end walls. Upon the walls were 
placed rolled-steel beams, with arches sprung from the lower 
flanges of the b ams, to support the roadway a.nd paving which 
was carried over the chamber. Access to the chambers was pro-
vided through two manholes at corners diagona.lly opposite. The 
pecial casting in the val a-chambers, tees, crosse and taper-pipes, 

were made of open-hearth ea t-. teel, having a ten. ile strength of 
approximately 60,000 lb . (26 · 8 tons) per square inch of ection, 
and the bodies of the 48-inch stop-valves, which were subj cted to 
twisting and oblique stresses during te t in the line and in service, 
were also steel ea tings, to reduce the chances of ruptme. While 
the lines of pipe were tested to 200 lbs. pressm·e per square inch 
upon completion in the trenche , the working-pres me was limited 
to 125 lbs. per square inch by a serie of 4-inch Crosby relief­
valves, one of which was plac cl on each line of pipe where it 
entered a valve-chamber. In addition to the relief-valves on the 
pipe-line, each of the pumping-engines (of which there were twelve 
of 20,000,000 U.S. gallons daily capacity, or a total of 240,000,000 
gallons) delivering into the e lines of pipe was providfld with a 
12-inch relief-valve set to lift at 120 lbs. per squa1·e inch. Thus 
the p1·obability of ever producing a water-ram sufficient to injure 

' J. 'Veisbach, "A Manual of Lbc l\Icchauics of Engineering, etc." vol. i. 
p. 72. London, 1 77 . 
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Mr.J. w. mu. the pipe in service was extremely remote; but anticipating that 
rupture might occur under unaccountable conditions, and that 
with the large volume of water flowing through these lines of 
pipe, great damage might be done to the bottom of the trench, and 
probably to the parallel lines of pipe, the pipes were everywhere 
laid upon a concrete floor 9 inches thick, extending from side to side 
of the trench. It was thought that, if a rupture should occur in 
service, the washing out of the filling over a pipe would simply 
open the street and cut the banks at the side, but could not by 
any chance shift from their positions and injure the adjoining 
lines of pipe. In constructing the floor, which was laid after 
the pipe-lines were blocked in position and tested, a concrete 
cheek, formed as a monolith with the floor and extending up on the 
curve of the pipe for a vertical height of about 9 inches above the 
floor, was provided on each side, thus· forming a cradle to guard 
against the lateral movement of the other pipes should one of 
the lines be fractured in service. In laying this pipe the con­
tractors were required to construct a standard-gauge railway upon 
the side of the street, and to place tbereon a travelling crane with a 
boom having a reach of 20 feet at right angles to the line of trench, 
a.ud a capacity, with this reach, of about 10 tons. Each piece of ca.st­
iron pipe weighed approximately 14,000 lbs. (6-!- tons), and each of 
the 48-inch stop-valves weighed about 22,000 lbs. (9 · 8 tons), these 
representing the heaviest castings used in the work. The contract 
provided that cutting pipes for closures should not be done in the 
usual manner with a hammer and chisel, but with a machine 
which would cut the pipe at right angles to its axis, and leave the 
end of the casting true and smooth, and which would accomplish. 
the work without the possibility of fracture of either section of 
the cut pipe. In planning this system of pipes it was thought 
that in ti'me there would be considerable tuberculation of the 
interior fl:om the i.l·on and lime salts found in the water of the 
Delaware River, which would be the source of supply for Lardner's 
Point pumping-station; and manholes were provided in each of the 
60-inch by 48-inch taper-pipes through which access to the lines of 
pipe between chambers could readily be obtained, for the purpose of 
removing incrustations, and scraping and recoating the pipe. The 
removal, subsequent to preparing the contract, of a line of 30-inch 
pipe which interfered with the placing of the first four lines along 
Robbin Street, indicated that 27 years' use bad produced very 
little deposit and no tuberculation in the pipe, and the manholes 
which were intended to be placed midway between the valve­
chambers were accordingly omitted, although tho ·e m the 
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taper-pipes were retained. Should occasion arise to examine the Mr. J . w. mn. 
interior of these lines of pipe and remove ob tructions, this could 
be accomplished by taking out of service one section of the pipe-
lines at a time, between any two consecutive valve-chambers. 
These pipe-lines, with a calculated capacity of 240,000,000 U.S. 
gallons per day of 24 hours, were pumping-mains intended to 
convey filtered Delaware River water to several districts of the 
City of Philadelphia, which at the present time contained a 
population of about 1,100,000. The filtration of the Delaware 
water would be accomplished by sixty-five covered plain sand-
filters each 1 acre in area, constructed on the banks of the 
Delaware River, about 3 miles up-stream from the Lardne1·'s 
Point pumping-station. In the valve-chambers each line of 
pipe was provided with a 2!--inch relief-valve to be blown by 
band. As the vertical undulations in the lines of pipe were not 
very great between their origin at Lardner's Point pumping-station 
and the terminus at Kensington Avenue, it wa thought preferable 
to have these air-valves blown from day to day by an inspector, 
rather than to trust to automatic valves which might fail to 
act and probably subject the pipe-line to undesirable shocks 
by reason of accumulated air. At two points it was necessary to 
carry the pipes over creeks or large sewers, which neces itated 
the use of flanged pipe and the building of concrete chambers in 
the line of the sewer or watercom· e, to confine the channels to 
definite width . Two lengths of fl.anged pipe were bolted together 
in the centre of the span lengths, and acted as tubular horizontal 
gii·ders of 16 feet clear span, of 60 inches internal diameter and 
63 · 4 inches external diameter, calculated with a factor of safety 
of about 20, for a centre dead load of pipe, water, earth filling and 
pavement, of 47,256 lbs. (22 tons), and a maximum centre live 
load of 40,000 lb. (17 ·8 tons). An interesting feature of this 
contract had been the necessity of moving under pressure a line 
of 48-inch cast-iron pipe about 1,194 ·45 feet long, which was 
one of the two pumping-mains frcm the original pumping-
station (Lardner's Point No. 1). To place thi pipe in its new 
po ition to accommodate the foUl' lines of 60-inch pipe in Tacony 
Street required that it should be changed 11 · 5 feet in alignment, 
and 13 · 17 feet in level at its lowe t point. In carrying out the 
work the deflection f1·om the old elevation to the new was male 
on the first 200 feet of the line at each end, the remaining portion 
being run on a tangent. As about 30,000,000 U .S. gallons of 
water were b ing delivered daily through the 48-inch main, it 
being the principal pumping-main, it was impossible to ta.ke 
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Mr. J. w. Ilill. the line out of service, even for a short time, and careful pre­
parations were made for moving it into its new situation while 
under pressure, and without stopping the pumping-engines. The 
centre-line of the main · in its original position was 1·17 foot 
shorter than the calculated centre-line for its new position. After 
it was moved careful measurements showed that the actual 
draw of the joints had only been 0 93 foot, or 0 · 24 foot less 
than was expected. This was very evenly distributed throughout 
the one hundred joints, and the average movement of the pipe 
in each joint was slightly more than 0 ·11 inch. In order to 
guard against exce sive pull in the joints, each pipe was marked 
before being moved, on the top and on each side ; but owing 
to the fact that some of the pipes rotated lOO degree , it was 
impossible to make proper reductions of the piu and minus 
1·eadings. Small g:wges were, however, used continually on these 
marks, and the lead rings in some cases were dmwn out ~ inch or 
more; but these joints were not disturbed unless a leak occurred, 
when they were immediately recaullred. Before moving the 
pipe, the trench for its new position was excavated to line and 
gradient; excavations were then made under the pipe on about 
200-foot sections, and the pipe was gradually lowered to its new 
gradient, being meanwhile thoroughly braced in position to 
prev nt lateral movement. The greate t depres ion wa reserved 
until the last, thus allowing any gain to wod~: up to this point. 
After the pipe had been lowered to the new gradient, wooden skid , 
upon which iron strips were fastened, were placed beneath each 
length, and the pipe was then moved laterally into position 
with screw-jacks. To facilitate moving the pipe the iron strips 
we1·e kept well greased. The time occupied in moving the pipe 
was about 1 month, and except for a few hours, when a cracked 
pipe wa discovered, the line was never taken out of service, and 
wa under a uniform pre sure of 70 lb . per square inch. The 
cracked pipe had probably existed since the main was originally 
laid, and to avoid delay teel bands were placed around it 
and tightened up. In the ubsequent operations this length of 
pipe gave no fw:ther trouble. To avoid accidents and delays, 
1·igid inspection was maintained both day and night, and men 
within easy haiEng-distance were placed along the line to ensm·e 
the immediate closing of the valves at either end in ea e of 
accident. After th pipe had been relocated it wa allowed to rest 
f01· a few day until it bad assumed its final po ition, and all joints 
we1·e then thoroughly recaulked. The Author's remark on leaknge 
we1·e not quite clear in the di tinction between leakage at the 
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longitudinal locking-bn.r · joints, and leakage at circular lead joints. Mr. J. w. Hill. 

The Author stat ed that the lead joints were t ight, but examination 
of locking-bar joints made in the United States had shown them 
to be water-tight under considerable pressure ; so that the leakage 
referred to by the Author would seem to come from the lead 
joints where two sections of the pipe were brought together in the 
double bell. Mr. Hill's experience at Philadelphia had demonstrated · 
that it was almost impossible with cast-iron water-pipe and circular 
joints to have absolute water-tightness ; and that in a long line under 
a pre sure of, say, lOO lbs. per square inch there was a measureable 
leakage. He would like to know the results of the Author's tests 
in this respect. 

Mr. A . E . HuRSE considered that, provided the material used as Mr. nurse. 

ballast was of a hard, compact, and den e nature, and sufficient 
sand was used to fill the interstices, no object was gained by 
r igid adhesion to a fixed gauge in mixing concrete. Professor 
C. E. Sherman's experiments on the presence of clay in sand were 
well worthy of study, and it would be useful if the resistance to 
crushing of blocks of concrete, made with unwashed and with 
washed ballast or gravels of differept compositions, could be investi-
gated over a period of, say, 3 years, so as to decide this doubtful point. 
In his own experience on the construction of a covered service­
reservoir of 5,000,000 gallons, built of concrete, the use of unwashed 
pit-gravel had been n eces ary on account of local difficulties : first 
a threatened action at law for the silting-up of the watercom·ses 
caused by the washing of large qu::mtitie of "terrace-gravel " 
excavated on the site, and secondly the di tance and altitude of 
cartage of materials . The sand screened from the pit-ballast 
ub equently used was found to contain 8 per cent. of clay, and 

the aggregate was of good angular shape. The proportions of the 
conm·ete were 5 to 1, and there being sufficient sand in the 
ballast, none was added. During the construction of the walls 
With the concrete of unwashed balla t, sample masses were cut out 
at various points; these were found to be well set even after 
only a fortnight had elapsed since mixing and laying. He 
regretted that he had no record of the resistance to crushing, but 
the good quality of the concrete was also shown by the fact that 
flat arches of about 13 feet span and 13 inches ri e, and 12 inches 
in thickness, were sufficient ly set for the centres to be withdrawn 
after 14 days. Slight cracks occm·red at the haunches, but the e 
\vere cemented up and caused no trouble. In the first coat of 
l'endering unwashed Leighton Buzzard sand, containing 2,! per 
cent. of impuritie , was used, with no unde il:able effects. Close 

[TilE INS1'. C.E. VOL. CLXII.] K 
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Mr. Hurse. observation of thi · reservoir for 4 weeks after filling had indicated 
very sati factory results. The method of caulking cracks in the 
floor of a re ervoir described at p. 48 was similar to a plan which 
had been adopted in the floor of a tank of 1,500,000 gallons 
capacity for a crack resulting from settlement, as illustrated in 
Fig. 38. 

Mr . List. Mr. G. H. LIST was of opinion that the salt-impregnated soil 
in which the thin steel pipe-line was laid would undoubtedly 
act injuriously on the metal and greatly shorten the life 
of the pipes. He had had large experience of pressed-steel 
sleepers in similar soil, and their life was very short. :ro 
doubt the coating described would act beneficially if perfect, 
but his experience was that in the handling of such pipes 
the be t coating got damaged and allowed corrosion to start. 

The joints would be the 
Fig. 38. most dangerou places, as 

here the coating had to be 
removed to ensure a good 
lead joint. Paying the 
joints with hot tar-mix­
ture was sure to be car­
r ied out imperfectly in 
many cases, and so cono­
sion would get a start. 
The plan of wrapping and 
re-dipping, which was 
being followed at Dudley 
Port for gas-mains, would 
protect the body of the 
pipe, but the wrapping 
must be cut away for 

some distance at each end to allow the collar to be slipped on 
and the lead joint to be r un and caulked, so that matters wm:Jd 
be no better than before. If it were possible at moderate 
cost to S\uround the pipes a a whole with some impervious 
material, then corro ion would be prevented. He would suggest 
covering the pipes, after laying and jointing, with Callender 
bit uminou sheeting, or preferably Portland-cement grout, thus 
protecting them as the lining of "tube" tunnels was protected. 
This might be done by means of a movable casing halved over the 
pipes, lined with thin parting-paper, cement grout being run in to 
give a coating about l inch thick. The machine designed and 
used successfully for caulking the joints was most ingenious ; but 
it was bulky and doubtless somewhat awkward to use in the 
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confined space of a pipe-trench, and could only be used on coll:u· hlr. List. 

joints with a double face. On ocket joint such a machine would 
have to be firmly clamped round the pipe to enable it to pre s up 
the lead joint. On riveted pipes it could not be used, and even 
on the pipes described a certain amount of hand-caulking was 
necessary. He had just completed a big pipe-laying job, and at 
one time he had had difficulties about setting up the joints by hand. 
To overcome the trouble he had suggested the use of pneumatic 
caulking-tools-a small portable compre or on wheels, driven by 
an oil- or steam-engine, with ·ufficient length of hose to command a 
definite length of track each side, and ordinary long- troke riveting 
hammers working on suitable sets. Owing to que tion of fir ·t 
cost near the end of the job, and to the men becoming more reason-
able, the proposal had gone no farther; but he thought it would have 
an wered well, and would have been impler to handle than the 
machine described. His experience agreed with that of the Author 
1·egarding the effect of a proportion of loam or clay on mortar. 
Much expense and delay had been oa.used recently on a work with 
which Mr. Li t was connected by having to go a long distance for 
sand, which was no whit better in effect than a sand close at hand 
which had a small proportion of loam in it. The best brickwork 
he had ever seen or ever done wa on the Rapti B1·idge near 
Gorakhpur on the Bengal and orth-We tern Railway, India. The 
mortar u ed was made of kunkur (slow-setting hydraulic) lime 
(2 part ) burned with wood in a running kiln, drawn bot, and 
put into a pan-mill with small native b1·icks (1 part) taken from 
old ruins. These bricks had been set in mud mortar, and 
they were not cleaned or selected in any way. Sufficient water 
was added, and th mixttu·e wa ground for 30 minutes and taken 
to the work. In 10 days it et so hard that it became monolithic 
in character, and when any portion had to be dismantle lit could 
only be picked to pieces with a pickaxe or crowbar, the mortar being 
actually harder than the be t " £xst-chtss " bricks. He presumed 
that there wa no local lime tone available on the Coolgardie 
scheme ; but be thought much more might be done than was now 
done with the old-fashioned lime mortaJ.·s, at much less co t, and 
\vith quite a good 1·esnlts as with Portland cement. Personally, in 
cases where work was neither under water nor required to et 
rapidly for tidal work, he would prefer to use good lime mm·tar i)l 
brickwork and for concrete. He was sorry to say that even in 
lndia, where cement was very expen ive, and lime was both good 
and cheap, the tendency was to p1·ef r cement. Tie knew of one 
in. tance where, with both lim stone ~md co:\1 on the spot, cement 

]{ 2 
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Mr. List. had been used at enormous cost, though he was certain that in the 
bulk of the work the indigenous materials lime and sm·ki might 
have been used with safety and economy . . The rea ·on was not far 
to seek: it was unwillingne s to take a little trouble, when any­
thing el e could be found ready to hand. 

Mr. Marsh. Mr. 0HAS. F . MARSH remarked that it appeared from the descrip­
tion given in the Paper that only one thickness of caulking-roller 
was used for each joint. It would be interesting to know whether 
any trials were made varying the thickness of the tools, as was 
done with hand-caulking. It might have been better, at anY 
1·ate, to pass a chisel-edged roller round first, to ease the lead 
from the barrel of the pipe, before beginning to set up. 
The ayerage rate of progress for each pipe-laying gang, for the 
3-months' period, appeared to have been about thir ty-eight pipes 
per 8-hour day, which was very good. It would be interesting to 
lmow what was the record for 1 day. The illustration of the lead­
melting and joint-running apparatus did not give a very clear idea. 
of the method of working, and it would be useful if the Author 
would give a further description. Mr. Marsh thought it would 
have been better to leave the coating on the end 6 inches of the 
pipes, as it would not materially affect the running of the joint, 
and in any case, with an 8-inch collar, 6 inches of scraping at each 
end of the pipe appeared to be too much. The recoating of 
pipes in position was never very satisfactory, and it was 
surely not advi able to destroy the coating more t han could 
be helped. C01:tld the Author state what mixture was used for 
the necessary repairs to the coating and how it was applied ~ 
It was curious that surprise was often expressed at the fact that 
the presence of mall dust in sand used for mortar or concrete 
increased its strength; for all experimenters who had made tests 
on the Yalue of sand of different sizes had found that dust improved 
the sand. Exhau tive experiments carried out by Mr. Fe1·et 
at Boulogne showed that the resistance of mortars increased not 
only with the amount of cement used, but al o with the combined 
volume of the cement and sand in a unit volume of mortar. Mr. 
Feret had found that, when even-grained sands were u ed, this 
combined volume became le ·s and less as the grains became smaller, 
whil tit was larger for sands with varying grains than for those 
with even grains. For sand with varying gmins, the combined 
volume of cement a.nd sand was larger as the sand-grains 
beca.me more mixed in size, being greatest when there were no 
me li-um- ized grains, and the ratio of large to fine grains wa.s 
2 : 1, the cement, of com· e, being included among the fine grain. · 
By la.rgo grains those between 1 and 1

1
2 inch were me.tnt ; medium 
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were those between l r and "51 inch ; fine grain were those less 1\Ir. Marsh. 

than r}o inch. Sta,nllanl sand was medium-gt·ained, the size of 
gmin varying very little, namely, between -~ and ..jzy inch. 
Apparently the presence of a small percentage of clay in sand was 
not always detrimental, hut this must depend on the general 
character of the sand, and each ca,se should be carefully tested for 
as long periods as possible, since a sand might give better results 
for short periods than for long. In a Paper 1 read before the 
America,n Cement Users' Association a.t Indianapolis in January, 
1905, Mr. J. C. Rain, Engineer of Masonry Construction to the 
Chicago, Milwaukee and St. Paul Railway, gave the results of 
ome tests carried out by him on clayey ·ands, as against standard 
ands. A ~and containing 7 · 7 per cent. of clayey matter, tested 

against a standard sand with 3 · 4 per cent. of clayey matter, gave 
results 40 per cent. and 30 per cent. higher than the standard at 
7 clays and 28 day· respectively. The difference became slightly 
less with age, the re ult of 3-year tests being 20 per cent. higher 
than the standard. Another sand with 15 · 7 per cent. of clayey 
matter, tested against the same tandard sand, gave results 10 per 
cent. higher at 7 days and 26 per cent. higher at 3 years. In 
another series of tests Mr. Rain made one set of briquettes with 
unwashed and containing 6 per cent. of clay, and another set 
with the same sa.nd after washing. The unwashed sand gave 
re. ults averaging 25 per cent. higher than the washed sand over 
period ranging from 7 clays to 2 years. These results bore out 
tho.e of Professor Sherman, mentioned in the Paper, which bowed 
that sand containing 10 to 15 per cent. of clayey matter gave a 
mortar approximately 25 per cent. stronger than did clean sand. 
It would be dangerous, however, to generalize on the somewhat 
urpri ing results of these tests, and while it could not be d~nied 

that ands which appeared worthless might in reality make 
tronger mortar than clean sands, it would be extremely rash 

to use any such and until careful and exten ive tests had been 
ca,rried out, and its superiority firmly established. If long-period 
te ts could not be waited for, and if for any r eason it would 
be economical to use an apparently dirty sand, it would not be 
advisable to employ it unless it proved to be at lea t 5 to 10 
per cent. tronger than standard or other selected clean and at 
28 days. The construction of the floor of the Bulla Bulling re er­
voir in two laye1·s would loubtles prevent cracks from extending 
t ight through, but if it had been formed in one layer having a 

1 Sec Engineerifl{f New.~, Yol. liii, p. 127. AltiO Minutes of Proceedings 
Inst. C.E., Yol. clxi, p. 396. 
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lllr. Marsh. grillage of 'vire of a lll<~lle1· mesh tb,m that used, placed ne~tr the 
upper sm-face, Mr. Marsh believed' the cracking would have 
been prevented, since it had been found that such reinforcement 
prevented the formation of cracks. It would be interesting to 
know why barbed wire had been used for the gl'illages. If it bad 
been adopted with the idea that the barbs were necessary to give 
sufficient hold to the concrete, such a precaution was entirely 
unnece sary, as plain wires would have given all the bold required. 
He did not think that wire in the form of a cable formed a good 
reinforcement, since the concrete could not properly surround the 
strands and protect them again t corrosion ; and be believed tba.t 
a clo e1· mesh of single-strand wires would have been preferable. 
With the exception of those at the face, the wires in the vertic:]J 
walls appeared to be unnecessary, since the walls we1·e apparently 
not de. igned as being reinforced : in any case the wi1·es in the centre 
would not be of much use. 

ll!r. Moncriclf. Mr. ALEX. B. MoNCRIEFF considered that the Institution was 
indebted to the Author for a lucid and comprehensive Paper on 
the important Coolgardie water-supply, and personally he desired 
to thank him for an opportunity afforded him for examining the 
works, which had been finished in a workmanlike manner and 
without unnece ·a.ry ornament of any kind. Deep reg1·et was 
natumlly felt by the members of the profe sion in Au tralia that 
Mr. C. Y . O'Connor did not live to see his great work completed. 
Mr. Moncrieff's own experience indicated that the high price 
at which water was now sold in Western Australia could be 
maintained only under extraordinary conditions. In the other 
Australian States it was generally lower, while in South Au tralia 
the price of water from the principal upplies fell a low as 6d. per 
thousand gallons. The price which could be obtained for wn.ter 
governed the amount of capital which it was possible to spend in the 
con. truction of the work , and it ·was important to note that fr01n 
the Coolga1·die waterworks there was practically no reticulation, the 
cheme consi ·ting of headworks, pumping-plant, and leading main 

only. This might have a vital effect on the ultimate revenue­
producing power of the scheme. The Author had touched upon a 
buming difficulty conf1·.onting engineers in Au tralia when dealing 
with the question of gaugings .of river-flow and rainfall. In that 
countq there were p1·acticaJiy no 1·eco1·ds extending over sufficient 
time to be of positive value in preparing schemes fm· large work , 
and g1·eater re ponsibi)ity than would otherwise obtain was thrown 
upon engineers in designing structmes and calculating upply. 
Tlte difticnlty w:1.s uch tha.t it had to he experienced before it 
conld be nppl'cciated thol'Oughly. He looked upon the Paper as ::t 
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valuable addition to the literattU·e dealing with water-conservation Mr. Moncrie!l. 
in the outlying di tricts of Australia. The authoritie of Western 
Au tralia had been fortunate in being able to obtain a clean 
catchment-area for their great reservoir. This had very frequently 
not been obtainable in Australia; for the catchment-areas having 
been alienated and occupied before water-conservation was con-
sidered, it was beyond the possibilities of the finances of the States 
to puxchase them back; and in constructing large works Mr. 
Moncrieff had, where possible, adopted the principle of keeping 
the reserv(}u·s off the main streams, allowing the flood-waters 
to pass, and only taking supplie into the 1·e ervoirs after the 
main streams had been scoured. In older countries filtration of 
tni water would be demanded, but the method referred to had 
proved succes ful so far. There was not one instance of a large 
filtration-plant having been constructed in Australia, though there 
was a small scheme at Broken Hill, N.S.W. The character of 
t he water from the Coolgardie catchment-area was generally 
recognized as good, but it might ultimately be found necessary to 
filter the supply for domestic purposes. No provision for meeting 
this contingency seemed to have been made in the location of 
the works. The concrete dam at Mundaring was of a very 
ub tantial character; but in dealing with almost similar cil·cum­

stance elsewhere Mr. Moncrieff Lad preferred to provide a by­
wash apart from the dam, as a.llowing of simpler construction and 
le s liability of damage from excessive flood,; . He had al o found 
it generally desirable to provide a tunn l in solid ground under the 
flank of the dam, and to have a separate water-tower, rather than 
to take the outflow-works through the concrete and build the water­
tower as p:nt of the main st-ructure. This was a matter for 
individual judgment; but it had always appeared to him that 
t o break the continuity of the concrete with an outlet-pipe, 
or to break the contour of the dam with the excrescence necessary 
for the construction of a water-tower, was liable to lead to 
rupture of the concrete under the str sses due to expansion 
and contraction in the very wide range of temperature obtaining in 
Au tralia. Referring to the pipe-line, it seemed to him that no 
engineer comparing r iveted steel pipe with the locking-bar pipe 
adopted could hesitate to decide in favour of the latter. The 
puniHhment of the steel in punching, and the innumerable points at 
which possible l akage might occur, condemned the r iveted pipe 
at once in comparison with the locking-bar pipe, which consisted 
of four piece only. Fig. 39 bowed the method a lopted in South 
Au trali:\ in constructing and jointing a riv tetl steel pipe of 
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lllr J\Ioncrietr. similar diameter to that used for the Coolgardie works. He bad 
found that the plain ring, allowing for through lead filling, as 
·hown in Fig. 40, made an excellent connection for the pipes, and 

Fig. 39. 
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ftdmitted of curves of comparatively small radius being followed in 
laying such a main, without specials. The difficulty a.nticipated 
from the flowing of the lead through the joints of the pipes was 
entirely overcome by the insertion of a temporary band of iron 
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expanded in the pipe by means of a crew, and such a joint was 
certainly not more expensive to caulk than that adopted on the 
Ooolgardie works, while the use of ·ptm yarn--a perishable 
material--wa entirely avoided. With regard to the method of 
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making the joints, it was generally acknowledged that the Mr. :Uonc.riefl'. 
ca,ulking of the lead round the locking-bar required most care, and 
as this bad had to be done by hand at Coolgardie he failed to see 
the advantage of caulking the balance of the joint by machinery. 
The prices quoted for hand- and machine-work seemed high. For 
laying a imilar 26-inch main in South Au tralia, formed of -!-inch 
plate closed with locking bars, the cost complete was £4,140 per 
mile; the cost of laying and jointing being for labour £153 per 
mile, while labour for caulking only ranged from 2s. 6d: to 3s. per 
joint. It was possible, however, that higher rates of wages had to 

Fig . 41. 
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be paid in Western Australia. The use of locking-bar pipes, 
coated in a similar manner to tho e referred to by the Author, 
ha l proved a success in South Australia, in which State the 
new design of pipe was first adopted by Mr. Moncrieff. The 
Author had been particularly fortunate in being able to lay his 
main clo e to the railway, as carting the pipes over rough 
cotmtry was the common experience, in which ca.se the locking-bar 
pipe ::tgain proved it superiority over the riveted. The methods 
adopted in laying to prevent the pipes from being injured by 
expo ure in the trenches appeared to have been admirable, and it 
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1\Ir. Moncrieii. wa . ati factory to note that tbe simple methods adopted had proved 
satisfactory without the intervention of tbe expansion-joint, the 
introduction of which had been o freely di cussed before the work 
was undertaken. In this connection he had found that for pipes 
of lru:ge diameter tbe 1·ing joint was very effective where the pipes 

Mr. Ra.ftcr. 

Pig . 42. 
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were exposed to the great variation 
of temperature obtaining in South 
Australia. .A long length of pipe 
6 feet in diameter manufacttu·ed as 
hown in Figs. 41 and 42, r esting on 

cast-iron c1·adles, had r emained in 
thi po ition for many years ithout 
the slightest movement, although the 
temperature to which it wa expo ed 
had varied from freezing-point to 
170° F. in the sun. The Appendix 
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FEET it been pos ible to publish more de-
t ails of the co t, its value would 

have been considerably enhanced. Perhaps the Autbor would 
furnish these details, which would be of much interest to his 
profes ional brethren in .Australia. 

Mr. GEORGE W. R F'.rEJt, of Rochester, N.Y., observed that it was 
unusual to go more than 350 mile · for a daily supply of 5,600,000 
gallon -or indeed for any quantity ; and the combination of gravity 
and pmnping with the 2-years'-storage requirement render d the 
Coolgarclie water- upply a p1·oject worthy of the best effort of the 
engineer employed upon it. While the Paper was valuable as a 
whole, the most interesting portion of it to M1;. Rafter was that 
r elating to the yield from the catchment of the Helena River. 
The Author tated that the catcbment-ai>ea above the re ervoir 
at Mundaring was 569 quare miles, and that, on the face of 
it, the allowance was exc s ive fo1· 2 years' supply; but Mr· 
Rafter had found that the calcula.tions in uch ea were 
frequently insufficient, and whether or not a catchment of 
569 quare miles would supply 5,600,000 gallons daily, apart from 
leakage, was purely a question of what water ran into the 
reservoir. Thi the Author had foreseen; he had made provision 
accordingly; and the outcome justified his judgment. Great 
con ervative care in dealing with this question wa necessary in 
other regions besides Au tra.lia., because ca.tchment yielded very 
difl'erent quantities of wn.ter fm· the same or nearly the same rain­
falls. Frequently it w. s considered that when the rainfall ank 
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below a certain minimum, the yield would be nothing. This Mr. Rafter. 
minimum varied for different regions and conditions. In the case 
of the Helena River in 1902, the minimum rainfall from which the 
yield would be nothing was apparently somewhat less than 19 · 3 
iuches-·on the supposition that the mean rainfall at Mundariug 
and at Yor·k truly represented that of the entire catchment-area, 
although there was perhaps some doubt on this point, as stated in 
the Paper. The ratio of yield to rainfall in that year was only 
0 · 2 per cent., or the depth of off-flow on the catchment was 0 · 039 
inch. ln 18!:J7 a rainfall of 24 · 5 inches gave a ratio of yield to 
rainfall of 0·34 per cent. (0·083 inch), while in 1900 a mean 
rainfall of 33 · 25 inches gave a ratio of 3 · 5 per cent. (1· 6 inch). 
This was a small quantity for a rainfall of more than 33 inches, 
from the point of view of one familiar with yields in the 
United States, where, in the eastern part of the country, for 
this rainfall yields of about 8 to 15 inches might be expected. 
Apart from the evaporation ob ervations given in Table IV. (p. 51), 
the preceding statement alone would indicate that evaporation 
from the Helena catchment-area was large. The gaugings showed 
that in 1897 and 1902 the ground-water off-flow of the Helena River 
must have been little or nothing. Mr. Rafter considered that there 
was a law, though a somewhat obscure one, governing the yield 
fl-om catchments in all parts of the world ; but this law was not 
yet very preci ely determined, nor wa it likely to be, because the 
absorptive nature of the soil of catchment-areas, evaporation, and 
other conditions differed so much, that every catchment-area 
was, so far as its yield as a whole was concerned, a law unto 
itself; and only when all, or nearly all, the condition were ]mown 
would it be po ible to deduce a formula expressing accurately 
the relation between rainfall and yield. Nevertheles , there 
were some general principles which might be applied, although 
not admitting of much precision. For example, for the Genesee, 
llu lson and Cwton river in the State of New York, the following 
<lata we1·e available_! 

Inches. 
Genesee River. Rniufall. Off.flow. 

Yearly ;:werage 40·3 14·20 
1895 (minimum year) . 31·0 6 · 67 

Difference . 9·3 

1 Much information on the subject of the relation between rainfaD and the 
yield of catchment·areas, including the data here given, will be found in Mr. 
!'!.after's work "Hydrology of the State of "ew York." Albany, N .Y. , 1905. 
[B'ulletin No. 85 of the New Yo1·k State ilfuselwi-.]-SEc. bsT. C. E . 
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.:.Ur. l after. Inches . 
Rninfall. orr.now. 

1894 (maximum year) 47 ·79 19·38 
Yearly average 40·30 14·20 

Difference 7·4.9 5 ·18 

Comparing the maximum year with the minimum-
1894. 47·79 19·38 
1895 31·00 6 ·67 

Difference 16·79 12·71 

Compnring the storage-periods-
Average of storage-period 19•4.0 10 ·50 
Storage-period of 1895 (minimum) 13·20 5·63 

Difference 6·20 4·87 

Storage-perio l of 1894 (maximum) 27 ·71 15·73 
Average of storage-period 19 ·40 10·50 

Difference 8·31 5·23 

Comparing any two years-
1892 4.1 · 69 15•42 
1896 40 ·68 12·80 

Difference 1•01 2 · 62 

Comparing storage-periods-
Sto.-age-perior'l of 1892 19·84 9·38 

to.-age-period of 1896 17·84 9 ·25 

Difference 2·00 0 ·13 

Comparing growing-periods-
Growing-period of 1892 15·30 4·90 
Growing-period of 1896 10 ·28 0·83 

Difference 5·02 4·07 

Comparing replenishing-periods-
Replenishing-period of 1 96 12·56 2·72 
Replenishing-period of 1892 6·55 1·14 

Difference 6·01 1•58 

Ilndson Ri11cr. 

Yearly average 4.4. ·21 23 ·27 
1895 (minimum yoor). 36·67 17 ·4.6 

Difference 7·54 5·81 

1892 (maximum year) 53·87 33·08 
Yearly average 4.4 •21 23·27 

Difference 9·66 9· 8] 
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Comparing maximum year with the minimum-

1 92. 
1895. 

Difference . 

Comparing the storage-periods­
Average of storage-period . 
Storage-period of 1895 (minimum) 

Difference . 

Storage-period of 1892 (maximum) 
Average of storage-period 

Difference . 

Comparing any two years-

1898. 
1891 . 

Difference . 

Storage-period of 1898 
Storage-period of 1891 

Difference . 

Growing-period of 1898 
Growing-period of 1891 

Difference . 

Replenishing-period of 1 98 
Replenishing-period of 1891 

Difference . 

G1·oton Rive1·. 
Average of storage-period . 
Storage-period of 1897 

Difference . 

Storage-period of 1898 
Average of storage-period . 

Difference . 

Comparing any two storage-periods­

Storage-period of 1896 . 
Storage-period of 1895. 

Difference . 

Storage-period of 1888 . 
Storage-period of 1883 . 

Difference . 

Inches. 
Rainfall. Off-flow. 

53 ·87 33 •08 
36·67 17· 4.6 

17·20 15·62 

20·62 16·10 
15 · 79 11 · 68 

4 ·83 4•42 

24·95 22·50 
20·62 16·10 

4 •33 6 · 40 

48 · 28 27·12 
42·96 20·56 

5 ·32 6·56 

22·80 16 ·81 
20·69 16•59 

2· ll 0·22 

13·52 3·24 
13·49 2·07 

0·03 1•17 

12·19 5·27 
8 ·78 1·90 

3•41 3 ·37 

23 · 68 16 ·83 
20·55 14•64 

3 •13 2 ·19 

28 ·81 20· 08 
23 · 68 16·83 

5·13 3 · 25 

24 •84. 18 ·01 
19 ·55 14·78 

5·29 3 · 23 

30 ·33 21 · 74 
19·03 ll•37 

ll ·30 10 •37 

'A 

Mr. Rafter. 
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JII.r. Rafter. NOTF.s.-Genesee Rive1·.-'l.'his, and one of its tributaries, Oatka Creek, were 
gauged, with the exception of a certain period, from 1890 to 1898, inclusive. 
'l'he sequence of these gaugings was as follows : from April, 1890, to November, 
1892, gaugings of Oatka Creek (catchment 27 · 5 square miles) were made; from 
December, 1892, to August, 1893, inclusive, gaugings were not kept of either 
Oatka Creek or Genesee River, and for this period the yield is computed 
approximately from the rainfall by an application of the principle indicated in 
the foregoing tabulation; September, 1893, to February, 1897, inclusive, the record 
is that of Genesee River at Mount Morris (catchment, 1,070 square miles); in 
March, 1897, the dam at Mount Morris over which the gaugings were made was 
ca.rried away by a flood and the record for the ba:lance of that year and for the 
year 1898 i deduced from the record at Rochester, where gaugings have been 
kept since 1893. 'l'he catchment-area at Rochester is taken at 2, 365 square miles. 

Huclson Rive?-.-ln October, 1887, daily measurements of the flow of Hudson 
River were begun and have conilinued every working-day from that time to the 
present. 'l.'hese measurements are made at the dam of Lhe Duncan Compa.ny, at 
Mechanicville, where this company works a paper-mill, using the entire flow of 
the river from a catchment-area of 4,500 square miles. In order to obtain the 
complete flows, a record has also been kept of the numbe1·, size, kind and dis­
charge of turbine water-wheels in use during the same period. The How of 
Sundays and holidays, when no obsen,ations were taken, has been assumed as a 
mean between the preceding Saturday and the following Monday. The letailed 
Table of Hudson l~ver yield, from which the foregoing tabulation is drawn, 
is for the 14 years 1888-1901, inelusive. 

Croton River (catchment, 339 square miles).-This is appropriated aa the water· 
supply of the City of New York . Records of the yield have been kept from 
1868 to the present time, but the foregoing statements include only the period 
1877-99, inclusive. 

The statements are made with reference to a "water year" extending from 
December to November, inclusive, and divided into a storage-period (December 
to May), a growing-period (June to August), and a replenishing-period (Sep· 
tember to :rovember). 

On the Genesee catchment, an average of 10·5 inches runs off in the storage­
period, 1 · 7 inch in the growing-period, and 2 · 0 inches in the replenishing· 
period. On the Hudson, an average of 16 ·10 inches runs off in the ston1ge­
period, 3 · 45 inches in the growing-period, and 3 · 72 inches in the replenishing­
period. On the Croton , an aver11ge of 16 · 83 inches runs off in the storage-period, 
2 • 57 inches in the growing-period, and 3 · 43 inches in the replenishing-period. 
The average rainfalls corresponding to these yields can be obtaine 1 by examining 
the tabulatiqn . '!'he Genesee ltivcr is distant from the Hudson and the Croton 
<lbout 240 miles. 

The foregoing figures related to riv:ers in the eastern part of the 
United States, where annual rainfalls ranged from a minimum of 
less than 20 inches to maxima of over 60 inches. The rainfall 
and yield of the Helena River might be contrasted with those of 
the Loup River in Nebraska. The catchment-area of the Loup 
River was 13,542 square miles. It issued from a sloping, gently 
rolling country, with a soil consisting largely of porous sand, into 
which a portion of the rainfall ank, finally appearing as ground­
water flow into the stream . The river was 250 miles in length, 
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elevated 1,500 feet above sea-level at its mouth and about 3,400 Mr. Rafter. 

feet at its source. The average length of the catchment-area was 
230 mile and its width 59 miles. The following were the rain-
falls for the years 1891-98, inclu ive, as kept at seven some-..vhat 
irregularly distributed tations in or near the Loup River catchment-
area. The elevations of the stations above sea-level were given 
under the names, in feet. 

Ainsley. Bnssett. Burwell. Lexington. NorthLoup INorth Plntte. Ravenna. Average 
Year. (2,323.) (2,180.) <?f• even l2,307.) (2,3 5.) (1,967.) (2, 41.) 2,008.) Stations 
---------- ----

Inches. Inch es. Inches . Inches. Inches. h1ches. Inches. Inches. 
1891 30·42 24·75 25·20 37·46 30 · 96 23·36 35 ·92 29·73 
1892 25·36 24·46 21 · 5 26·71 22 · 56 20 · 37 25·60 23•70 
1 93 15· 88 15•74 15•69 24·79 15•46 13· 16 18•13 16·98 
1894 10·81 12·40 12•77 15 •37 14·17 11·21 15 ·67 13 ·20 
1895 20·94 18·32 20·22 23·94 22· 8 14·58 20 ·26 20·16 
1 96 21•32 20·07 20·71 30·03 30 · 37 16·52 27·50 23·79 
1897 27•13 25· 6 I7·70 30•85 28·10 17·09 32 ·75 25·64 
1898 17·86 I7·78 I8·I8 22•80 I6·50 15·54 18·50 I8·17 
-------------- -------
Mean 2I·21 I9·92 I9•04 26 · 49 22·62 I6·48 24•30 2I•42 

The following Table gave the approximate yield, in inches on 
the catchment-area, of Loup River at its mouth for certain months 
for the years 1895- 1901, inclu ive. The yi ld of this stream 
was stated to be, within limits, uniform horn month to month, 
and it was on this basis that th column, " Proportionate 
quantity per year," had been computed. 
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--------- - -----------------------
Inches. Inches. Inches. Inches. Inches. Inches. Inches. Inches. Inches. Inch s. 

I895 0 •23 0•25 0·30 O·I8 O·I9 0·20 0·2I 0 •25 I· I 2·72 
I896 0•34 0•25 0·25 0·23 0·22 0·20 0•23 .. I·72 2·95 
1897 0·30 0• 21 0·20 0·22 O·I5 O·I6 0 ·36 . . I·60 2·74 
I 898 0 · 23 0 ·30 0·33 0·17 0·23 0·17 0·2I 0·22 I· 6 2·79 
I899 0·27 0• 26 0· 32 o·I8 0·20 O· I8 0·16 .. 1· 67 2·86 
1900 0·28 0·29 0•29 0 ·28 0·29 0·28 0·23 0·23 2 · 18 3·27 
190I 0•35 0 · 39 0·35 0 · 24 .. .. .. .. 1• 33 3·99 
------------ ---------------------
Mean 0·29 0·28 0·29 0·21 0·21 0·20 0 ·23 0·23 1•74 3·05 1 

1 Approximate. 

The foregoing rainfalls and yields of Loup River indicated that 
the minimum rainfall whjch might occm· without any ac-
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Mr. Rafter. companying yield was considerably less than in Australia, and 
might be not more than 8 to 10 inches. This difference wrts 
probably due largely to difference in evaporation, absorptive 
capacity of the soil, and other physical conditions, although the 
evaporation in Nebraska was large. At Lincoln, in 1895, it was 
48 · 4 inches; at Omaha, in the same year, it was 54· 6 inches; and 
at North Platte, 48 · 6 inches. These evaporations were from a 
free water-surface, as determined by pan measurement at Lincoln, 
and computed from the readings of wet- and dry-bulb thermo­
metet'S at Omaha and North Platte. The velocity of the wind was 
an important element in ev1-1.poration, and the following datp, on 
this point referred to Omaha for the calendar year 1895 :-Average 
velocity of wind for the month of May, 10 miles per hour; for the 
month of July, .6 · 9 miles per hour; and for the entire year, 8 · 5 
miles per hour. In Southern California, the conditions approxi­
mated somewhat to those in Australia in the region discussed by 
the Author. As illustrating this, some phases of the yield from 
Sweetwater River, which had a reservoir upon it, with a catchment­
area of 186 square miles above the reservoir, might be considered . 
The following records were for a "water year" from September to 
Augu t, inclusive, as most nearly agreeing-according to Lippincott 
in his California Hydrography-with the natural division for this 

Year. Rainfall. Off-now. Evaporation. Wind. Tempera tuN 
of Ail:. 

-------
Inches. Inches. Inches. Miles per Hr. ~-

1892-93 20·0 1•61 4:9·6 4•9 61 
1893-94 14•8 0·14 48•7 5·1 60 
1894-95 27•1 7·12 46·3 5·2 59 
1895-'96 19 ·5 0•101 45•2 5·2 61 
1896-97 24 •9 0 ·665 .. 5·3 61 
1897-98 18·2 0·0005 61·9 5·9 60 
1898-99 18·5 0·025 .. 5·8 59 
1899-00 19•1 .. .. 5 ·7 61 
1900-01 23·7 0•087 .. .. 62 
1901-02 20•3 .. .. .. .. 

NOTE.-The rainfall is taken as a mean of three stations, as follows :-At two 
stations in the catchment of Swcetwater luver, namely, at the rescnoir 
(elevation 250 feet) and 25 miles east of the reservoir (elevation 3,500 feet), and 
at a third station (elevation 4,800 feet) 3 miles from the watershed-line between 
the catchments of the Sweetwater and San Diego rivers. l'robably the 
rainfall of this third station is excessive, and certain corrections have been made 
which render the d3ductions somewhat >tpproximate. 
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l'egion. The Table showed that for the conditions of Sweetwater Mr. Ra fter . 

River in Southern California the limit of rainfall with no yield 
varied between about 15 inches and 19 or 20 inches, the yield 
depending upon the distribution of the rainfall, evaporation, absorp-
tive condition of the soil, and other elements. While the preceding 
illustrations we1·e rather general, nevertbele s, taken in conjunction 
with the Paper, they fairly substantiated the statements that the 
yield, while roughly proportional to the rainfall, was not in very 
precise relation thereto ; and that the quantity of rainfall required 
to produce some ofl'-f:l.ow varied in proportion to evaporation, 
physical conditions of the catchment, etc., in different parts of the 
world. 

Mr. CHARLES W. SMITH thought the Coolgardie waterwm·ks Mr. Smith. 
might certainly be characterized a one of the boldest scheme· ever 
carried out ; and considering the paucity of data regarding 
rainfall and river-flow at the time of its inception, and the 
un ·atisfactory ratio of yield to rainfall, as ascertained after the 
commencement of the work, the de igners were to be congratulated 
on the fact that the storage-reservoir had been atisfactorily filled. 
Engineers with Australian experience, however, and with a 
knowledge of the variableness of the rainfall in that count1·y, 
would readily concede the wisdom of providing storage capable of 
conserving sufficient flood-waters to tide over any protracted 
period of drought, certainly not less than would suffice for 2 
years. The Author anticipated that pol:!sibly there might be a 
flood-discharge over the weir-crest of a depth of 5 feet, but did not 
state how be arrived at this conclu ion. In the absence of 
accurate information as to the magnitude of floods, what a urance 
was there that any depth e timated on in ufiicient data might not 
be largely increased, as bad been Mr. Smith's own experience at 
the Laanecoorie W ir, on the Loddon River, Victoria? In that 
case the maximum flood-discharge bad been inferred from gaugings 
made at low states of the river only, and checked by a formula 
applied to the drainage-area. This bad given a maximum volume 
of 1± million cubic feet per minute ; but actual flood-measurements, 
made after completion of the weir, bad proved it to be as much as 
2± million cubic feet per minute for floods of a few hour ' duration. 
For the pa sage of the smaller volume only, a depth of 8 feet 
on the sill had to be reckoned with, and in order that no damage 
might result from the too sudden discharge of flood-waters ove1· the 
weir, it bad been decided to keep the ere t of the masonry 5 feet 
below full-supply level, and to int1·oduce automatic flood-gates to 
close the space up to that height. The. e gates had been de ign d 

['rilE INST. C.E. VOL. CLXII.J L 



T46 CORRESPONDENCE ON COOLGARDIE \>VATER-SUPPLY. [Minutes of 

Mr. Smith. somewhat on the line of those described by Mr. Chaubart.l The 
installation, which had been in work for about 12 years, was most 
sati factory, and had allowed the maximum floods to pass without 
damage either to weir or to flank-works. The adoption of this 
sy tern appeared to Mr. Smith to be the wiser cour e when dealing 
with weirs of this cla s, where the flood-waters were of uncertain 
volume. So large a portion of th capital cost of the Coolgardie 
scheme had been expended on the pipe-line, and the life of this 
main depended so much on the value of its protective coating, that a 
few words as to Mr. Smith's experience of the Sydney water-supply 
works might be of some interest. There many mile of steel pipes 
were laid, of both the riveted and locking-bar type, and ranging 
from 72 inches to 8 inche in diameter. In all the coatings applied 
Trinidad asphalt had been an invariable ingredient, in proportions 
ranging from 75 to 50 per cent. In the eal'lier contract for these 
pipe coal-tar had been specified to be used in conjunction with 
the asphalt in equal parts, but later maltha, in the proportion of 
25 to 50 per cent., had been substituted for coal-tar. Speaking 
generally, none ,of the e mixtures could be pronounced a succe. s. 
Where pipes were laid above ground, as in the case of 9! miles of 
72-inch pipe (forming d11plicate mains between Pipe Head and Potts 
Hill balancing-reservoii·), the exterior coating had proved an 
ab olute failure. One of these mains had be n scraped and cleaned, 
and recoated with cement wash, which also had proved ineffective. 
Recent experiments with a pa.int compo eel of boiled linseed-oil 
and Portland cement in the proportion of l gallon of oil to 5 lbs. 
of cement, a used by the Public Works Department of Queensland 
for painting water-tanks both inside and outside, had proved so 
sati factory that its extensive use, more especially for outside 
coatings, bad been decided on. 

Mr. Strange. Mr. W. L. STRANGE ob erved that the weir forming the storitge­
r servoir was one of the highest in existence, while the length of 
the ri ing-main and the magnitude of the pumping installation 
were not quailed in any existing waterworks. The work bad 
been carried out under very difficult conditions in a manner which 
reflected the utmost credit upou all concerned. The cbeme was 
probably unique in regard to the v ry small amount of the yield 
from the catch men t-O · 20 to 3 · 50 per cent. of the annual rainfall 
of 19 · 3 to 33 · 25 inches. The m·iginator of the p1·oject were to be 
congratulated on forecasting the amount of the yield o accurately. 
Apparently · the larger pa1·t of the catchment-area was very flat as 

1 A nnalcs des Pont.~ et Chausse<s, 1 5G, pL. ii, p. 230. 
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well a very absorptive. The te t of the amount of evaporation, Mr. Strange. 

made at the reservoir, indicated that the loss on this account, in 
ordinary circumstances, should be moderate. The remaining factor 
of the disposal of the rain-water-percolation-should therefore be 
high, were it not for the densely wooded nature of the catchment-
area, which would reduce it by increasing the evaporation. Probably 
the true explanation of the small amount of the yield was, as 
pointed out by the Author, that the rain-gauge stations registered 
falls greatly in excess of the average amount. The experience 
gained from the catchment-area confirmed that obtained in other 
countries, namely, that it was far better to depend for a gathering-
ground upon a smaller area with abundant rainfall than upon a 
larger one with deficient precipitation. With regard to the proposal 
to supplement the natural catchment-area by diverting the off-flow 
from . part of the neighbouring well-watered country into the 
re ·ervoir, it must be remembered that catch-water drains could 
not be economically made of sufficient size to carry the whole 
of the off-flow from storms, which were the chief sources of 
replenishment. The advisability of constructing ubsidiary re er-
voirs to feed the main reservoir might therefore be considered. 
Possibly it would be practicable to increa e the yield from the 
natural catchment by denuding it, partially or wholly, of its 
timber. This should improve the potable quality of the water, 
although it might lead to an increase of silt-deposit in the reservoir. 
It was not clear from the drawings why the weir had been designed 
with so high an overfall, seeing that this had apparently entailed 
the thickening of the section of the structure. It would . eem from 
Figs. 6, Plate 1, to have been po ible to provide (with or without 
undersluices, and with a somewhat in01·ea ed depth of overflow) 
a w~"Lste-weir of sufficient discharging-power and with a low 
overfall at the south end of the dam. Doubtle s, however, this 
matter had been fully con idered by the designer of the w01·k. 
In any event, the provision of undersluices would have saved 
the prolonged flow over the weir which apparently would occur 
in all years of good rainfall. As was so frequently the case, the 
foundations of the work had proved worse than anticipated; for 
this reason, when estimating the cost of such structures, it was 
always advisable to allow a large amount for contingencies. The 
foundations were very irregular in cross-section, and it was fortu-
nate that this had not led to any cracks due to unequal ·ettlement. 
The Author did not explain why the outlet was placed at practi-
cally the deepe t I oint of the longitudinal section, where also the 
cro · section of the foundations was very irregular, nor why the 

L 2 
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Mr. Strange. lowest outlet-valve was located so near to the base of the weir . 
The contents of the r eservoir at this level were inappreciable, and 
in a few years' time they would probably be much decreased by 
silt ing. By raising the sill, apparently a safer position for the outlet 
could have been selected, and the pumping-lift would thereby have 
been diminished. The vertical intervals at which the outlet-pipes 
had been placed were unusually large, and it would have been an 
improvement if arrangements had been made to draw off the 
supply at more numerous points. The permanent object of 
having a scour pipe at the base of the outlet was not clear, as this 
would not enable any appreciable amount of silt to be removed 
from the r eservoir-basin, nor could it aid greatly in diminishing 
the flood-discharge over the weir. The selection of the locking­
bar pipe had resulted in much saving, but it was a somewhat bold 
measure to adopt it on so large a scale with only the limited 
experience of a very much shorter main as a guide. The Author 
did not st ate whether any form of reinforced concrete main had 
been considered; most likely, at the time, sufficient experience of 
this form of construction had not been gained. Although it would 
probably have involved more pumping-stations, so as to reduce 
the pressure on the main, a pipe of this kind would seem to be 
peculiarly suited to a line of country heavily charged with cor­
roding salts. It was noteworthy that the long length of the 
main bad exercised a purifying influence on the quality of the 
water. It was a question, however, if filtration before the water 
was admitted into the r ising-main would not have been advisable, 
in regard to the population served, as well as lessening the in­
crustation of the pipes. The "sand cuts" mentioned by the 
Author were interesting. Presumably the escaping water was 
partially confined by the filling over the main, and was thus able 
to give the sand abrading-power. The Author did not say if any 
permanent arrangement had been made to prevent this damage 
from occurring : surrounding the pipes with gravel or clinker might 
be a remedy. Mr. Strange noticed that the total storage-ca.pacity of 
the reservoirs en 1·oute and at the end of the main wa..c:; 28 · 68 million 
gallons, or 5 days' upply, of which 12 million gallons, or a little 
over 2 day ' supply, was at the end ; this seemed a small allowance 
for so long a length of main, but it would doubtless be ample as long 
as the daily consumption r emained as low a it was at pre:;ent. 

:!llr. WilliamH. Mr. GEo. B. WILLIAMS thought that, considering the very small 
margin between the loss from evaporation and absorption and the 
rainfall, and also the fact that the off-flow depended almost 
entirely on the few very wet dn.ys in the year aml on the volume 
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of water fnlling on those day , the irregularities in the ratios of lllr. Williams. 

the yield to the total annual rainfall were not surprising. 1f the 
average percentage were taken for a series of years, a figure could 
no doubt be obtained which would be approximately correct for any 
series of years, providing the periods taken in each case were long 
enough. It would have been more satisfactory if, when dealing with 
the discharge, some statistics as t o the rainfall on the watershed had 
been available. Unfortunately no rain-gauges appeared to have 
been fixed, and this question was dealt with in a perfunctory 
manner. The reasons given by the Author for assuming that the 
rainfall on the upper portion of the watershed was less than at 
York hardlj appeared conclusive. If the average loss from · 
evaporation and absorption could have been obtained, expressed in 
inches over the whole watershed, the result would have been of 
considerable interest. From Table I. (p. 50) and Table Ill. 
(p. 51) and from the map (Fig. 2, Plate 1), the rainfall on the 
watershed below the weir could be estimat ed ; and for the 3 years 
1899-1901 the average loss from evaporation and absorption 
appeared to have been about 31 inches for the larger watershed of 
50 square miles, and 26t inches for the smaller area of 10 square 
miles. These losses seemed somewhat large when the discharges 
were compared with those from the catchment-areas of the Nepean 
and Cataract Rivers near Sydney.1 For 6 years the average loss 
amounted to 25t inches for the Nepean watershed and 28~ inches 
for the Cataract. It would be supposed that the loss on the Helena 
watershed would be less, for the rain all fell in the winter months ; 
and it would be reasonable to expect it to be not much more than 
20 inches per annum. In the absence of accw·ate data a nearer 
estimate than this could not well be obtained, and it might be some-
what wide of the mark. Assuming that 20 inches was the average 
annual loss, it would be found from Tables I. and Ill. and from the 
Table on p. 10 that the average rainfall for the whole watershed for 
the 25 years, 1876-1901, would have been nearly 21! inches, which 
was less than the mean of York and Mundaring, but more than the 
Author's figure of 18~ inches on p. 9. This latter figure appeared to 
be the result of pure guess-work. · 

Mr. GEORGE PIIIPPS WILLIA.MS, having bad the pleasure of Mr. Phipps 
. t• t . . h h l M O'C d . hi Williams. In Ima e acquaintance wit t e at e r. onnor uring s career 
in New Zealand, was glad of an opportunity of expressing his admi-
ration for the boldness and originality displayed throughout the 
magnificent scheme designed by him and described in the Paper. 

1 MinuLes of Proceedings Inst. C.E., vol. lxxv, p . 176. 
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>~rr. Phipps Mr. O'Connor's plfl.n exhibited the same breadth of view and th e 
Williams. sn.me mn.stery of detail for which he was noted when on the goldfields 

of the west coa t of New Zealand, where his water-race and other 
works remfl.ined as monuments of his professional skill. The 
Paper seemed to deal a death-blow to all arbitrary formulas for 
the discharge from catchment-arens in relation to the rainfall, or 
indeed to any formula at all. Countries varied so much in loc1tl 
conditions that only the closest possible study of all the factors in 
each ea e could give results that ·were even fairly approximate. In 
the Canterbury Plains of New Zealand, large areas had no visible 
off-flow, and ome of the rivers had an underground flow greater 
than that above ground. Some of the former fomid outlet as 
springs on the tops of downs and on slopes lying on the reverse 
side of the water bed from the catchment-area which supplied 
them. Some of the flow found its outlet at the bottom of the 
ocean, having been previou ly partifl.lly tapped by the numerous 
arte ian walls in the neighbourhood of Christchurch. In the pre ent 
case, where only 0 · 2 per cent. of the rainfall in 1902 was discharged 
at the weir, evaporation and not percolation seemed to have been 
the factor to which the enormous loss was ascribed. There was 
appa1·ently no percolation at the Mundaring reservoir, though it had 
been anticipated ; but it was not clear whether percolation might 
not cause loss through :fi sures elsewhere within the Cfl.tchment-area. 
Another point raised by the Paper was an important one, affecting 
all engineering undertakings, especi11,lly in the Colonies, where 
economic developm nt was often ra.pid. It was the question how 
far it was economirfl.Uy politic to design works ahefl.d of actual 
requu·ements. In Wfl.ter-supply . chemes it was no doubt sound 
hydraulic practice that a main should have the full capacity of the 
expee.ted ultimate di. charge, and circumstances might perhaps 
warrant a like COUl' e for pumping-station buildings; but with 
reg>wd to the pumping-machinery itself, it wa clearly advisable in 
a tentative scheme of this sort to cut down expenditure until 
pro ·pects of increa ed consumption wal'l'anted fmther outlay, 
provi led suflicient re erve powe1· bad been fl.llowed for breakdown . . 
In the pr ent case it apr eared that, although the pumping-engines 
had been erected about 3 years, the consumption of water bad 
never yet exceeded one-fo1.u·th of the amount which they were 
de igned to supply. Their total cost was set down as £290,000 ; . o 
that, including a proportional part of the reserve of power as 
e timate l, the sum of £72,500 would have sufficed to cover the eo. t 
of nJl requirements and contingencie to elate. Further, the actual 
lift was R.l o much les ; becn.use, taking the discharge at 1,400,000 
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gallons per day, the velocity in a 30-inch pipe would not exceed Mwr
1
.
1
Phipps 

1 llLillS. 

0 · 53 foot per second, which would reduce the frictionltl head 
to an almost nominal amount--something less than 3 inches 
per mile ; or taking it at 80 feet for the 308 miles, and allowing 50 
per cent. for deterioration of pipes and waste head, it would 
amount to only 120 feet. The total natur!\,1 head, including 
height to be surmounted and losses at reservoirs, was 1,500 feet, 
and this added to the frictional head as above gave a total hen,d of 
1,620 feet only, which was exactly three-fifths of the total estimated 
head of 2,700 feet for the full discharge of 5,600,000 gallons. 
Thus the eo t of the engine-power required for the present maximum 
load might be further multiplied by that fraction, making a reduction 
again from £72,500 to £43,500, including the ame proportion of 
reserve power as bad been provided. This sum subtracted from 
£200,000 gave £246,500 as the amount by which the cost of 
pumping-machinery exceeded that of present requirement . The 
interest on thi . um at 4 per cent. amounted to £9,860 a year, and 
a suming the engines to have been erected 3 years, it appeared on 
the face of it that a sum of neal'ly £30,000 might have been saved 
to date on this item alone. No doubt in any undertaking like this 
the engine-power bould be ker t well ahead of pre nt requirements, 
even after allowing ample re erve power; but the margin allowed 
here seemed exce ive, and be gathered from the Paper that this 
excessive first outlay was not contemplated in Mr. O'Connor's 
original estimates. 

The AuTHOR, in reply, observed that he bad peru ed the Corre- The Author. 

spondence with much gratification, and he felt that waterworks-
engineers were especially indebted to those who, in addition to com-
ment, had furnished valuable data regaJ.·ding water-mains and the 
yield from catchment-ru·eas. He would ask for con ideration when 
dealing with some of the comment , a his hand had not been 
altogether free in construction, owing to orders fo1· material already 
placed. There were naturally features of the works in which he 
him elf did not concur; and although he had altogether avoided 
showing this in the Paper, be might not be able in reply to put the 
case on some points as favourably a his predece sor would have 
de ired. The restricted demand for water as compared with 
the original e timate had been dealt with fully in his reply to 
the Discussion. The initial report on which the Westem 
Australian Parliament sanctioned construction was of a very 
general chru·acter, so that although the money e. timat~ as a whole 
was intended to be and had proved practically correct, the details 
could not be expected to be similarly correct. Engineers of experi-
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The -~uthor . once in responsible colonial ]Jositions were aware that the large 
number of reports which an engineer-in-chief bad to submit, on 
propo a.ls of every description, rendered it impossible to conduct ~ 
der ar tment economica.lly unless initial cbeme were kept of ~ 
genera,] character; and therefore in reply to Mr. Pbipps Williams 
it was enough to add that, although the allowance for pumping­
machinery in the initial propo als was compamtively small, there 
was no doubt in the Author's opinion that Mr. O'Connor was right 
in conctu"ring in a la.r·ger allowance for friction-bead, etc., and a. 
corre ponding increa e in pumping-machinery. The works had been 
cn.rried out by depa.rtment>1.l labour, not by contract, and de igning 
had proceeded almo t pari passu with construction, so that alterations 
had been pos. ible, except of com e in cases such as that of the 
pumping-machinery, for which orders had been placed early. As 
stated in the Paper, '" consitlern.ble amount of reticulation bad been 
C>1.tTi d out, domestic and other ervices having been furnished 
throuahout in the townships of Coolgm·clie, Boulder, Kalgoorlie, 
Bottld r Mine , Southern Cross a.nd Jm·tham, and tho e of Midland 
Junction and Guildford were now in hand. But as the originltl 
proposals did not incl~de reticula.tion, and a there was nothing 
vet·y ·peci1tl in these works as carried out, except perhaps the use 
of a po it ive meter on every service, he ha,d not entered on any 
de cription in the Paper. This has evidently misled Mr. Moncrieff, 
whose remn.rks nl ·o a · to the high price of wa.ter in We tern Australin. 
could be held to apply only to t he Coolgat·die cbeme. Elsewhere 
in th11t State price were lower- in fact, below those of other parts 
of Australia. : for while the water-rn.tes in Melbomne, ydney and 
Adelaide we1·e respectively 6d., 7 d., and 1s. in th pound, and while 
the measurement-rates per 1,000 gallons at these places were 
respectively 1s., l s. , and 6cl. to 1s. 3d. ; on the other band, the 
Author bad been fortunate in obtaining auction for the corre-
poncling rates at Fremantle, the principal port of We tern 

Australi:1., to be reduced to 6d. in the pound, and from ls. per 
1,000 gn.llons generally to as low as 4d. for certain pmpo es. 
Even ::~.t tb e rates there was a band ome return on the capital 
invested : moreover, in the western State there were severnl 
possible liTigation-scheme from which wate1· could be profitably 
old at a low :figm·e. It was very interesting to note that the 

America.n fi.gur s confu·med the small yield possible frmn 
cn.tchment-areas in climates such as that of Au tmlia, ·o 
different from more humid plrtces. Mr. Geo. B. vVilliams's 
st:\tement, that it would h;LVe been more atisfrtctory to 
olJtaiu ,;t:ltistim; as to t he rainfall on the watershed before 
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ommencing work, was no doubt correct in theory when applied to Tbo Author. 
the be t-known portions of old countries in the pre ent day; but 
such procedure in the Colonies would immensely retard develop-
ment, and would certainly have sadly hampered the great 
Engli h pioneer engineers of the last century. Although it wns 
out of the question to expect accuxate or even regularly correct 
results by forecasting where long records were non-existent, still 
ome method of estimating wa necessary ; and the re ults detail d 

by Me srs. Folwell, Hering and Rafter seemed to :fit the Author's 
theory better than that of the simple percentage reduction 
mentioned by 1\Ir. Bruce and referred to hereafter. The point 
wa one of the greate t possible importance, and the Author 
ventured th refore on the following amplification. The methods 
of designing on the basis of the yield might be divided into four, 
namely: (1) when very ample quantities were available and no 
. torage, or very little, was provided, n.s when a spring or perennial 
river wa tapped; (2) when a whole y ar's demand wns consid red 
and torag was provided accordingly; (3) when a succe sion of 
dl·y y ars-gen rally three-were taken as the basis, and the 
torage was intended to equalize the yield in this period; and 

(4), the worst ea e of all, when sufucient r ervoir-capacity had to 
be pro ided to render the surplus of year of heavy rfl.infall 
:wail11ble for use in dry year over a long period, perhaps 20 years 
or more. Mr. Fuertes's intere ting and valuable contribution 
regarding minimum yield affected only the conditions detailed 
under (1) and (2) . Of the other gentlemen who had w1·itten on this 
point, nll exc pt M s rs. Folwell and Hering appeared to have den.lt 
with it under the comparatively f01·tunate circum tances detailed 
under (3), and of comse regarding this there were valuable data 
already extant, a , for instance, Sir Alexander Binnie's Paper on 
rainfall; 1 but even in the Briti ·h I le and other well-watered 
and humid countries, owing to the increa ing demand for dome tic, 
power, and other purpo e , the time was coming-if in de J. engineer 
bad not already been faced with the que tion-when the problem 
mu t very often be olved under the conditions deta.iled under ( 4), 
nnd be solved more conomically than was po sible uuder those of 
(3) only. In the Author's experience a.Jone the economies eft'ectod 
by allowance for long-date torage had mnge l in certain ea e · from 

1 "The :ragpur Waterworks : with Observations on the Rainfall, tbe Flow 
from the Ground and Evaporation at £ agpur; and on the Fluctuation of Rainfall 
in India and in other places." Minutes of Proceedings lust. C. E., vol. xxxix, p. 1. 

"On [ean or Average Annual Rainfall, and the Fluctuation· to which it is 
subject." IUid, vol. cix p. 9. 
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Tho Author. £25,000, in one in tn,nce, to a 30-per cent. reduction of the co t per 
1,000 gallons in another. It wa in the hope, therefore, that, as 
suggested by Mr. Fuertes, other data might be forthcoming lat er 
on r egarding long-date r esults, that the Author drew attention to 

vi 
UJ 

Figs. 42. 
YEAR . 

w~~-+4-~-+4-~~~+-~~+-~~+-~~4-~~4-~ 

IO, I -I--1--1,-j..-4--I-J.-l--l--1114-l-l-H--+-+4-l-+-+~I+--H--+-II-1-l--4-H-l-
rr! i ' i\ 

'· \' ~ l 
11 ! r 

i 

3oLL~~-L~~-L~~-L~~-L~~-L~~-L~~-LJ_~ 
BOMBAY, ON WESTERN COAST. 

60 

5 so 
z li f l ~~~. :! A.l 

A 

Fb 1\ 
~i l(' 11. i \ . I 

ftd~b ~-:~f-i \ ! . I . 

.:.; 40 

..J 
<( 

~ 30 

~ 
20 

I .• 
,., 

. // \ . • !..,; , .. I \[/ 
. F-' -

""'~~ / 
i' 1 . r </ !i · 
I !v 

I 

NAGPUR , CONSIDERABLY INLAND. 

Y.•ar':r fi:tll..s ................. . s ]tm.rru IJw.s _. - · 

t"~:P.,; :::t;:~~: .:::: :: .: ·.-.·.:::.=:·:.==-: 
COMPARA'fiVE l AINFALL OE' TWO PLACES IN INDIA SERVED BY THE 

OUTH-\VEsT Mo~sooN CuRm~NTS . 

Figs. 42 and 43, worked out several years ago, when considering 
addition t o the agpur wat erworks. The diagram , being self­
explanatory, were submitted without further comment than that if 
ome margin of afety was allowed, such data, if available at one 

place, . houll enn,ble a succes ful forecast to be made in connection 
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with proposed works simibdy ituated and served. He had not The Author. 

previously consid red the po. ibility of extensive percolation of 
flowing water through surface soil to underground fissures in 
granite, as referred to by Mr. Phipps Williams, nor did he think it 
·tt all probable that by this means there could be drained away such 
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immense quantitie of flowing water in all the five basins for which 
figUl'e had been given in the Paper, while in exactly the same 
class of country the reservoir it elf should prove fully stanch with 
a head of 100 feet of water over its bed. When questioning 
t he ut ility of catch-water drains, Mr. Stnwge ha.d e-vidently 
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The Author. considered only the extreme feature of streams draining pre­
cipitous country, and liable, therefore, to the heaviest floods. 
Even in such country a large proportion of the off-flow could be 
diverted; while the Author's experience in half-a-dozen cases in 
less precipitous country had amply demonstrated that these 
drains could be most successfully used in connection with the 
Coolgardie water-supply reservoir. Moreover it had to be re­
membered that their aid was required in periods of small yield, 
and not in bumper years. The maximum flood-discharge antici­
pated at the Helena weir had been checked by deduction from 
known floods in adjoining streams, and as there had been settlers 
in the country for three-quarters of a century, this was a 
more accurate method than that referred to by Mr. Smith, of 
forecasting from flows at low states of the river and checking 
by means of formulas with arbitrary coefficients. The Author's 
experience was that probable maximum flood-discharges were 
easier of computation than low, or average, or total discharges. As 
regarded the minor points raised in connection with the weir, it 
was stated on p. 16 that the usual temperature and other cracks 
had duly appeared in the weir. These remarks Mr. Fuertes had 
evidently overlooked. With reference to the position of spill­
water discharge arrangements, Mr. Strange had raised points 
similar to those of Mr. Deacon in the Discussion, to which the 
Author had already replied. Undersluices, unless very large, 
would not have much effect, and large sluices could not be 
recommended for a position such as that at Mundaring; they 
would have entailed far more expenditure than they !were 
worth. The position of the lowest draw-off outlet refeiTed to 
by Mr. Strange was not at the lowest tpoint, which was R.L. 
320, but 20 feet above, at R.L. 340, which was a very good 
allowance for silting in a reservoir 7 miles long, as of course the 
heaviest silting would naturally occur where the inf:lowing 
waters first met those of the lake. The scour was at R .L. 330, 
or 10 feet below lowest draw-off level. It was of course an 
exploded idea that a scour-pipe, however large, would denude 
the bed of a reservoir of silt, or even remove a large portion 
of it; but on the other hand, the scour-pipe should certainly 
keep the approaches to the draw-off outlets clear, especially if 
placed so much below the lowest as in the present case. The 
question of filtration of the water, raised by Mr. Moncrieff, 
was very important. At present the catchment was rigidly 
guarded against pollution; but this might not be possible always, 
and then filtering would be necess~try. lle had so warned the 
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Government reg:wding the similarly-situated supply of the Western The Author. 
Australian metropolitan area. It would be easy to introduce 
filtering arrangements when necessary in connection with the 
Coolgardie water-supply, if not immediately below the weir, then 
along the pipe-line, for instance at Baker's Hill, where there 
would always be ample head to spare. It might be of interest 
to note that the water as delivered on the goldfields was 70 
per cent. purer bacterially than that at the source. So long, 
however, as precautions were 1taken to keep the catchment free 
from pollution there were no especial dangers ; for although, 
as pointed out by Mr. Hazen, long storage in a warm climate 
aided in promoting the inferior growths, both animal and vegetable, 
evidently there were also counteracting influences where catchments 
were protected, as was shown in the following comparative Table 

April 
M:ay. 
June 
July 
August . 
September . 
October 
November 
December 
January 

Uouth. 
llfelbouroe Tap-Water. 

Average Number o[ 
Bacteria per Cubic 

Centimetre. 

? 
132 

99 
76 
89 
60 
71 
54 

Perth Tap-Water. 
Average Number of 
Bacteria per Cubic 

Centimetre. 

780 
147 
298 
132 
370 

90 
30 

1, 572 
3,470 

? 

of the average number of bacteria per cubic centimetre. The 
storage reservoirs of both towns were comparatively shallow; 
the Melbourne catchment was rigorously protected and the water 
was unfiltered, but that at Perth was subjected to what was 
designated a filtering-process. The correspondence elicited by 
the Paper was e pecially wealthy in information regarding pipes 
and pipe-line . In reply to the queries and inferences con­
tained in the remarks of Mes r . Fuertes, Goument, John W. Hill, 
Li t and Strange, the Author would first state generally that 
the desirabiljty of u ing wood-stave, ferro-concrete or ea t-iron 
pipe in lieu of steel was duly investigated before preference was 
given to the last mentioned. As regarded the wood-stave pipes 
Mr. Fuertes bad himself pointed out a very serious objection, 
namely, that they should always be kept full, otherwise rapid dec.-'ty 
mu t re ult : a gbnce at the longitudinal section of the Coolgardie 
main bowed the impo ibility of keeping it fully cbargeu 
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Tho Author. without continuous pumping at the maximum rate. Hnving 
recently returned from the Intemational Ra.ilwA.y Congre held 
at W a ·hington, and ubsequent in pection of work under the 
auspice of the American Railway A ociation, the Author had 
nothing but admi1·ation for the directne of American engineer­
ing aims ; but, on the other hand, it was his opinion that 
American estimates of cost, especially comparative figures, were 
not of overmuch va.lue for compari on in oth r countries, unless 
full allowance was made for the fact that, so fa.r as he could 
judge, American home works paid mm·e for materia.l , etc., than 
wa charged for goods intended for export. Thus Mr. Fuertes 
stated that the tender for :!-inch steel pipe, 30 inches in diameter, 
for work at Lynchburg, Virginia, amounted to 16s. 5d. per lineal 
foot in po ition. It was not quite apparent to the Author 
whether the cost of valves and pecial , culvert and aqueducts, 
meter and road-crossings, covering-pipes and contingencies, were 
or were not induded in this figtu' . Trench excawttion was not 
included, and if, for the purpo. es of compari ·on, the eo t of 
this item and al o carriage by rail from the W astern Au tr<tlia.n 
sea-coast inland were deducted £loom the Coolgardie water- upply 
figmes for identical pip s, the net cost arrived at was 16s. Bel. 
per foot, inclu ive of all the incidental works above mentioned. 
He considered that this told strongly again t the American 
figme , having in view the fact that the whole of the plate , 
bars and lead w~1.s imported, a very large portion from America 
it elf, and the fUl'ther fact that wages in that country were 25 
to 30 per cent. below tho e of Westem Australia. On the 
question of the compamtive cost of ea. t iron, raised by ML'. 
Goument, the Author would direct attention to Mr. John W . Hill's 
experience at Philadelphia. In the neighbourhood of chea.p 
iron, Mr. Hill foui1d that 60-inch ea t-iron pipes, to withstand 
the low head of 160 feet, eo t £4,650 per mile more than 
steel pipes would have been obtained for. Apa1·t from this, 
neither ea t-iron nor ferro-concrete was in the Author's opinion 
suitable for the high pressures of the Coolgardie water-supply. 
These could no doubt have been reduced by introducing more 
pumping-stations, but unprofitably, owing to the enhanced cost of 
pumping. The actual life of steel pipes, raised by Me rs. Goument 
and List, wa another question, but it did not enter too largely 
into the pipe dealt with in the Paper, for, as therein stated, 
a sinking fund of 3 per cent. per annum on the whole cost of the 
wm·ks has been provided by Act of Parliament to discharge the 
loan at a comparatively early date. The Author was glad to note 
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Mr. Herbert's good opinion of the locking-bar pipe, but con- The Author. 
sidered that he had rated its virtue somewhat too highly. For 
the Coolgardie water-supply, ·at any rate, the price asked, length 
for length and thickness for thickne s, was higher for locking-
bar than for riveted pipe. He did not propose to follow Mr. 
Rerbert in his calculations as to the comparative cost and economy 
of pipes of various diameters, as they appeared to be based on the 
fallacy that a 31-inch diameter pipe laid complete cost ~ ~ of the 
eo t of a main 32 inches in diameter. This, at any rate, was not the 
Author's experience. Profes or Campbell Brown's statement that 
asphalt was not suited for use in a composition employed for pipe-
coating was too sweeping. The lime contained in the asphalt 
would no doubt be injuriou ly affected by some waters, but in 
numerous cases this material had served excellently, instances 
being forthcoming in the works mentioned by Messrs. Fuertes 
and Moncrieff. The coating referred to by Mr. Smith must 
have been wrongly made or applied, or used in some unsuitable 
position, to have perished, while exactly similar coating had served 
well in South Australia, as mentioned by Mr. Moncrieff. The 
precautions again t corrosion sugge ted by Mr. List wm:Lld surely 
prove altogether too expen ive for general use, even if they 
wet'e succe ·sful, which was not certain. With reference to the 
jointing of the pipes, no yarn had been u ed, the lead being kept 
from running into the pipe by temporary expansive rings; as the 
sleeve-rings varied slightly in diameter, the caulking-tools used 
also varied in size ; the caulking-machine was in the Author's 
opinion eminently suited for u e on ordinary socketed pipes ; 
and there was no doubt that a machine suitable for caulking at 
the locking-bar could be devised and would save money. The 
cost of caulking in South Australia mentioned by Mr. Moncrieff 
did not appear to have been lower than on the Coolgardie water-
supply when due allowance was made for the larger pipe and for 
higher wage . On the latter work the cost of hand-caulking was 
4s. 3d. on a 30-inch pipe, equivalent to 3s. 8d. on the 26-inch pipe 
used in South Australia. The Coolgardie wages were, per day of 
8 hours :-Foreman, 16s. 6d.; h~ nd-caulker , blacksmith, lead-
melter, etc., 12s. 6d. ; labotu'ers, 10s. ; and the corresponding rates 
in South Australia were, according to the Author's notes, 10s. 6d., 
7s . 6d., and 6s. 6d.-less tha.n two-thirds on the average. Reducing 
the Coolgardie figures for 26-inch pipe even to two-thirds, the cost 
per joint was le s than 2s. 6cl., the lower of the South Australian 
figures ; and as mentioned in the Paper, machine-caulking eo t 1s. le s 
per joint, besides saving in depth of manhole and ensuring uniform 
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The Author. work. In reply to the concluding portion of Mr. John W. Hill's 
remarks, the Author had obtained in India all but absolute water­
tightness in a new cast-iron main 12 inches in diameter and about 
2 miles long. It was more than questionable, however, whether it 
was worth striving after such a condition of things. But even in 
the rapid work of the Coolgardie water-supply there were lengths 
from which the leakage was less than the figures given on p. 27. 
Thus the 36i miles of main west of station No 4, gauged statically 
for 2 days, after being filled for the first time, showed a loss 
of 119 gallons per mile per diem, and after attention to vi ible 
leakage it. howed a month later 31 gallons per mile per diem, and 
another month later 35 gallons per mile per diem, or, say, 1?i pint 
per joint. The Author concurred with Messrs. Bruce and Hill as 
to the value of asphalt lining for reservoirs, and he had used it on 
the Western Australian goldfields for this purpose; but he employed 
1 inch of asphaltic mortar without concrete or puddle, and found it 
sufficient for a head of 15 to 20 feet of water, while the cost of 
construction was one-fourth to one-third of that of a sufficient 
thickness of concrete lining. It was not possible to concur in Mr. 
Marsh's remarks as to the inutility of the wires buried in the 
concrete lining of the Bulla-Bulling reservoir. This work had been 
carried out in the height of a hot summer, and the lining must 
have been subjected to great tensile stress when cooled by the 
admi sion of water. One after another of several concrete 
reservoirs on the goldfields had suffered from cracks all over, and 
consequent leakage, whereas the Bulla-Bulling lining had opened 
only at the expansion-joints, as ah·eady stated. There was no doubt, 
as Mr. Fairley said, that the capital cost of the pumping-machinery 
would have been reduced by employing three sets at each of the 
last four stations, but this would have meant two sets working at 
one time instead of one, as in the adopted scheme; and at West 
Australian rates of wages this would have meant an appreciable 
increase in the cost of maintenance. Other advantages would 
also have been lost. Mr. Phipps Williams's calculations on the 
possible saving in pumping-machinery, if intended to be taken 
literally, were, the Author regretted to say, beyond him. Was it 
intended to imply that small pumps cost the same amount per 
horse-power to instal as large ones, and that working small pumps 
three shifts costs as little as doing the same amount of work in 
one shift with large pumps ? How also would the increasing 
demand (ine1·easing until the ultimate estimated amount should 
be reached) have been provided for with such small pumps as Mr. 
Williams considered enough? The small pumps, unless of varying 
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power, could not have been placed at the stations decided on as best The Author. 

for the ultimate supply, and nothing but peripatetic pumping-
tations would have permitted of uniformity and economy in size 

of pumps without excessive pressure on the main as the hor. e-power 
rose in keeping with the demand. The details of cost of sundry 
works referred to by Mr. Moncrieff had not been given by the Author, 
:ts he was in hopes that they would be supplied to the Institution 
later on by his principal assistant, Mr. Reynoldson, to whom the 
Author, being now engaged in London and unable therefore to 
comply with Mr. Crowell's suggestion of further tests of friction 
etc. from time to time, looked for compliance in this direction al o. 
In conclusion be desired to express his obligations to those who bad 
commented so kindly on the work carried out. Very few indeed, 
besides engineers, credited the intense anxiety entailed during 
construction of a work of this kind; and none but engineer 
appreciated the difference between the reasons for success n,nd 
failure in connection with Colonial works. 

[THE INST. C.E . VOL. CLXIT.) 
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